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STEREOMICROSCOPIC STUDY OF THE SURFACE 

OF THE LUNG 

I. DESCRIPTION OF THE METHODS USED 

MINAS JOANNIDES, M.D. 

Associate in Surgery, College of Medicine, 

University of Illinois 
CHICAGO 

In 1928 capillaroscopic studies of the alveolar capillaries were made 
on the anesthetized dog through a thoracotomy opening^ In these 
experiments a Zeiss capillaroscope was used (fig. 1). It offered a 
satisfactory visualization of the alveolar capillaries through the trans- 
parent virgin visceral pleura. The details of the alveolus were not 
distinct, and it became obviously necessary to see the saccules in more 
than one dimension by means of stereoscopic visualization. An oppor- 
tunity for such study has been offered by the Zeiss surface stereo- 
microscope with a complete double lens system. This microscope may 
be used with the ordinary small stand, particularly for the study of 
smaller blocks of tissue from the lungs (fig. 2). It may be used with 
a larger adjustable stand also, so that the whole lung may be studied 
in the living or the dry state (fig. 3). 

The illumination is so adjusted that light is reflected from the upper 
surface of the object. Use of this principle is made both in the stereo- 
microscope and in the capillaroscope. The advantage of this type of 
lighting lies in the fact that objects of an}' size or thickness can be 
studied at the exposed surfaces. Microscopic examination of the sur- 
face is particularly adaptable to the study of the lung because of its 
sponginess and its many combinations of sacs and skeletal structures. 

The microscope offers the added advantage that it can be held by 
the hand for microscopic study much as the telescope is held for the 
study of distant objects. It also has an interchangeable system of 

From the Department of Surgery, College of Medicine, Unii'crsity of Illinois. 

1. Olkon, D. M., and Joannides. M. : The Capillary Circulation of the Alveolus 
Pulmonalis in the Living Dog. Arch. Int. Med. 45:201-205 (Feb.) 1930; Capillaro- 
scopic Appearance of the Pulmonary Alveoli in the Living Dog, Anat. Rcc. 45:121- 
126 (March 25) 1930. 
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lenses and objectives, so that various magnifications may be obtained 
])y changing either the oculars or the objectives. For small magnifica- 
tions only for the study of the gross variations of the pulmonary ele- 



Fig. 1. — The Zeiss skin microscope, as suggested by Professor Muller of 
Tuebingen. 



Fig. 2. — The Zeiss surface stereomicroscope. 


ments, this method is satisfactory. For the larger magnifications, at 
which the focal point changes with even the slightest motion, the adjust- 
able stand was found most efficient (fig. 3). 
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THE CAMERA 

For purposes of reproduction a stereomicroscopic camera made by 
Zeiss (fig. 4 A) was used. This camera has two dark chambers and 
makes two stereoscopic exposures at one sitting. The system of lenses 
used for the microscope can be used with the camera. For better repro- 
duction of detail the Wratten emulsion was placed on glass plates. 
The plates, being of an odd size, had to be made specially. For larger 
magnifications of the pictures I attached a magnifier to the top of the 
camera (fig. 4B), but this procedure has not given clear pictures, 
especially in the greater micromagnifications. 



Fig. 3. — The larger adjustable' stand for the study of large specimens of the 
lungs of anesthetized animals. 


LIGHTING SYSTEM 

Illumination was obtained by using a carbon arc lamp with the rays 
directed to the field of vision. In the living animal I wished to avoid 
changes due to drying by the heat of the light projected at the field. 
Accordingly, I either kept the part of the lung cool by soaking it with 
physiologic solution of sodium chloride or used a less powerful system 
of lighting. In this system a small electric bulb was used and the light 
projected to the spot by means of lenses. 

STUDY OF THE LUNG IN VIVO 

The specimens of lung were prepared in one of various ways, accord- 
ing to what I wished to study. For study of the lung in the living 
animal a thoracotomy with artificial respiration was sufficient. .A por- 
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tion of the lung was taken out, and care was taken to avoid as much 
as possible an excessive exposure of the remaining intrathoracic organs. 
The exposed lung expanded and collapsed with intermittent intratracheal 
artificial respiration. 

Because artificial respiration introduced variable factors, namely, 
the rate, the volume and the pressure of the blast of air, I tried to 
eliminate it from the study of the lung. After extensive search I noted 
that the lung of the alligator expands and collapses when the chest is 
open. This phenomenon is due to the fact that the lung is adherent 
to the dome of the chest and also to the diaphragm. On section of 
the lung in this animal, I noticed also a circular contractile tissue that 
aids in opening and closing the apertures to the alveolar elements of 



Fig. 4. — A, the Zeiss stereomicroscopic camera. This camera may be attached 
to the smaller or the larger stand. B, stereomicroscopic camera with a magnifier 
in situ. 


the lung. The alligator can be easily put to sleep by means of a few 
drops of chloroform or ether placed on a cotton pad and pushed into 
its mouth. 

For the study of the capillaries of the lung, the frog has given the 
best results. After pithing the animal, I inserted a smalt glass tube 
into the trachea and allowed just enough air to flow into the lung to 
produce fair distention. If too much pressure is exerted in the trachea 
the blood in the capillaries is squeezed into the lai-ger vessels, and 
the capillaries are filled with air emboli. This occurrence causes no 
apparent injury to the vessels. 
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STUDY OF SPECIMENS OF LUNG 

The ordinary pathologic or normal specimens of lung were studied 
after fixation with Kaiserling’s solution or solution of formaldehyde. 
For special studies, after preliminaiy tying of the pulmonary vessels, I 
filled the bronchial tree with the fixing solution in addition to dipping 
and keeping the specimen in it. 

In some specimens, after preliminary ligation of the vessels, I allowed 
air to run into the bronchial ti'ee at a pressure just great enough to 
produce distention of the lung. Overdistention produced pleural bullae. 
Air was run into the lung until it was completely dry, and it was then 
divided into large blocks for study. In order to avoid overdistention the 
air was blown through a T tube, one end of which was attached to the 
lung and the other to a screw clamp. The outflow of air was regulated 
by tightening the screw clamp up to the point at which the optimum 
expansion of the lung was obtained. 

For the study of the lung of a large animal, such as the cow, it 
was necessary to avoid decomposition of parts of it preliminary to dry- 
ing. I found it more satisfactory first to fill the bronchial tree with 
solution of formaldeh 3 ’’de U. S. P. diluted 1 to 10 and then to distend 
the lung. Such a fixation of the bronchial and bronchiolar elements 
often aids in producing a sponge effect on the lung. One can then 
take a piece of dry lung and soak it in water, thus filling the alveoli 
with clear water and offering another means of study. If the lung 
is not treated in this manner and is only dried in the distended state, 
it crumples into a mass of gelatinous material when it becomes wet. 
The dry specimens must be handled with great care because they 
crumple easily. In cutting various blocks for study it is necessary to 
use a thin, flat, sharp knife. 

ANIMAL SPONGES 

Fixation of the bronchial tree with solution of formaldehyde for 
the production of animal sponges is practical and is a means of getting 
soft sponges. Because of the expense involved in their production, 
sponges of this type are, at least at present, not commercially practical. 

PREPARATION OF PHOTOGRAPHS 

The reproductions obviousl)' must be developed in absolute darkness 
or under a dim blue light. Wratten films are sensitive even to red 
light. In order to keep the plates in their respective positions I made 
it a rule to draw a line with a wax pencil along the inner border of 
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each of the two plates. This line was drawn on the glass side, so that 
it could be wiped off when the positives were made. The positives were 
mounted on cardboard under stereoscopic vision so that proper dis- 
tances and adjustments could be made. This step is most important 
and means the difference between successful accurate visualization and 
unsightly inaccurate views on the stereoscopic cards. 

The Zeiss Company furnished the photographs of the microscope and of the 
camera. 
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II. THE ANATOMIC AND PHYSIOLOGIC STRUCTURE OF THE NORMAL 

lung; resume of observations based largely ON 

STEREOMICROSCOPIC STUDY OF THE SURFACE OF 
LUNGS FIXED AND IN THE LIVING STATE 

MINAS JOANNIDES, M.D. 

Associate in Surgery, College of Medicine, University of Illinois 

CHICAGO 

This report is presented as a brief summary of the stereomicroscopic 
observations on the surface of the lung which I started in 1928. I have 
felt for some time that the ordinaiy sections b}' which the pulmonaiy 
structure is studied do not include sufficient tissue to show the struc- 
tural architecture. Cellular details are easily seen from them, but the 
sponginess of the lung prevents determining except inferentially the 
grosser characteristics, interrelations and relation to the mother stem 
of the alveoli. By stereomicroscopic study of the surface it is possible 
to see an alveolus in its three dimensions and actually to study its 
structural, cellular and vascular detail. On first examination the worker 
will be amazed at the complexity of the variegated holes and strands 
appearing in every possible jiosition. With sufficient patience he will 
discover to his pleasure and amazement a new treasure of information. 
It is hoped that those who undertake such a study will neither be over- 
enthusiastic nor become greatly discouraged, because it will take months 
of persistent examination before the kaleidoscope of data will begin 
to assume its proper classification and form. 

This work was started at the surgical research laboratories of the 
College of Medicine of the University of Illinois. I had an opportunity 
in 1929 to spend some time in Europe. When in Berlin, I was fortunate 
in being allowed by Prof. Max Busch to study the thoracic sections 
prepai'ed by Prof. Koch.^ on exhibit in the Museum of the Pathologische 
Abteilung of the Reichsarbeits Ministerium. These specimens, prepared 
during the World War, make an excellent collection of sectional views 
of the lung, showing its relation to the wall of the chest and to the 
adjacent intrathoracic structures. Practically all types of pulmonary 
lesions described in textbooks of pathology are found in this collection. 

I have made free use of most of the sections. 

From the Department of Stirgcry, College of ^^edicine, University of Illinois. 

1. Kocli, W. : Thorakschnitte von Erkrankiingen dcr Brustorganen. Berlin. 
Julius Springer, 192-1. 
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On my return to the United States, the work has been continued 
to date at the University of Illinois. Little has been published so far 
on my observations ^ because the data obtained from this work appeared 
new and I hesitated to rush into print until I was certain of my ground. 
In another paper I discuss the technic in detail in the hope that some 
enterprising persons will carry on in this work and help supply the 
true picture of the structure of the lung under normal and pathologic 
conditions. 

TRACHEA AND BRONCHI 

The trachea occurs in all animals, including the amphibia. In the 
frog, the turtle and the alligator it ends abruptly as soon as it reaches 
the lung. In these animals one sees no bronchial ramifications but notices 
the structure of the alveoli, which will be described later. In the 
mammalia, the trachea and bronchi assume a characteristic architecture. 



Fig. 1. — Stereomicroscopic view of the trachea. Note the longitudinal corruga- 
tions. At X the cross section of a cartilaginous ring is seen. Adjust the stereoscope 
to the proper focal point, and keep looking till you see depth ; then study the detail. 


The stereomicroscopic features of the trachea that have not been empha- 
sized before are the trabeculations in its inner lining (fig. 1). One 
sees that in addition to the transverse trabeculations corresponding with 
the tracheal rings there are longitudinal trabeculations extending along 
its whole length. 

The bronchi do not have any trabeculations and in my studies showed 
no special features not previously described. The branchings are given 
off at every possible angle, and the more peripheral the branches the 
greater is the number of the smaller branches. The angles at the branch- 
ings are generally acute (figs. 2 and 3). 

2. Joannides, M. : Structure of the Normal Lung: A Surface Stereomicro- 
scopic Study, Arch. Int. Med. 47:19-23 (Jan.) 1931. Joannides, M., and Steinman, 
F. H. : The Mechanism of Pneumonia, ibid. 47:24-27 (Jan.) 1931. 
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inately the same size as those of the alveoli. The internal chai'acter- 
istics of the terminal bronchiole are those of a corkscrew-shaped tube 
with a bannister-like structure which represents the inner wall of the 
corrugated parts of the tube. Here one sees the bulbous projections 
into the outer wall of the “terminal bronchiole.’’ 

There is no evidence of any intercommunication between any groups 
of bronchi or bronchioles, except through the parent stem. My obser- 
vations appear not to confirm the work of Van Allen and his associates,'* 
who have described the presence of a collateral respiration. 

STEREOJIICROSCOPIC VaEWS OF THE SURFACE OF THE DRV LUXGS 

The comparison of the lung to a tree is quite an apt one. The trunk 
of the tree is analogous to the trachea. There are generally no branches 
along the trunk. The larger bronchi may be compared to the larger 
branches of the tree. The bronchi of the third and fourth order may 
he compared to the smaller branches of the tree. These smaller branches 
give off more and more smaller branches till the final branchings are 
seen hearing the leaves. The alveoli of the lung serve much the same 
function as the leaves of the tree. Each leaf is so situated that it is 
fully exposed to the rays of the sun. So it is with the pulmonary alveoli. 
Each group of alveoli is so arranged as to take advantage of every 
available space in the thoracic cavity. Two neighboring groups of 
alveoli ma}' have their origin from fairly distant secondary or even 
tertiary bronchi. 

At the tips of the bronchial tree in the metallic or pyroxylin casts 
one sees clusters of small bulbs springing out of the end of the bron- 
chiole. These appear much like warty projections and remind one of 
the terminal subdivisions of a cauliflower bulb. These cauliflower-like 
bulbs are attached to numerous terminal bronchioles much in the manner 
of a cluster of grapes (fig. 3). 

The stereomicroscopic appearance of the dry, fixed, moderately 
expanded lung is much like that of the cut surface of a dry commercial 
sponge (fig. 4). At first glance, one sees a large number of various- 
sized holes which assume round, polygonal, triangular, or oval shapes. 
The blood vessels and bronchi appear as larger oval or round openings 
and the terminal bronchioles and alveoli as the smaller openings. The 
bronchus and two vessels are usually found in close proximity to one 
another. 

THE ALVEOLI 

The alveoli on the cut surface appear as saccules of various shapes, 
namely, polygonal, oval, round or triangular. In the dry specimen two 

4. Van Allen, C. M. : Collateral Respiration, J. Orient. Med. 15:35-45 (Sept.) 
1931; Surg., Gynec. & Obst. 53:16-21 (July) 1931; Ztschr. f. Anat. u. Entwck- 
Ingsgesch. 98:453-465 and 466-474, 1932. 
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to three honeycomb compartments are seen within the saccule of the 
alveolus, produced by projections arising from its wall. The terminal 
portions of these septums are rounded into cuplike openings. Each 
opening is smaller than the area of the cup itself. The edge of the 
septum appears thicker and is the site of a larger capillary. The stoma 
of the alveolus has also a cuplike opening much like those of its com- 
partments. The mouth of the opening is somewhat thicker than the 
rest of the wall, and the opening itself is narrower than the rest of the 
saccule. Here again one sees a larger capillary. This capillary extends 
into the interalveolar wall and thence to the larger vessels. 

When magnified 48 times, the wall of the alveolus in the dr}'^ speci- 
men begins to appear transparent, with distinct speckles. At first glance. 



Fig. 4. — The characteristics of the alveoli. Note at the depth shown at A the 
cuplike recesses in the alveolus produced by the septums, the smaller diameter at 
the openings and the thin transparent wall of the alveolus. At A and B note the 
cross section of a terminal bronchiole and its relation to the alveoli. At A and C 
note the denser capillar}’ of the cut alveolus whose terminal bronchiole originates 
from below. At A and D note some of the finer details of the thin alveolar wall. 

one gets the impression that the alveolar wall is made up of a series 
of grooves and ridges, irregular in shape. On more careful e.xamina- 
tion, the ridges are seen to be the sites of the smallest possible capillaries, 
whose lumens allow only one red cell to pass through at a time. These 
capillarv beds, being denser than the alveolar wall adjacent to them, 
are more refractive, and therefore one gets the impression of speckles 
between the ridges. The alveolar wall between the capillaries ajjpears 
more translucent and sievelike. It is probably for this reason that pores 
have been previously described. I have not seen any such pores in 
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any specimens of normal lungs even when the lungs were overdistended 
to a capacity larger than that of the thoracic cavity (maximum visceral 
pleural capacity). 


ALVEOLAR CAPILLARY CIRCULATION 

The capillary circulation of the pulmonar)^ alveolus was studied in 
the anesthetized alligator and in the pithed frog. The frog’s lung when 
exposed had to be kept distended and allowed to collapse intermittently 
in order to get accurate readings. Care was taken not to overdistend 
the lung and squeeze air from the pulmonary saccule into the capillaries. 
Such overdistention can be easily accomplished even in the mammalia 
without causing any apparent injury to the alveolar wall itself.® The 
alligator’s lung has a capacity of contracting and expanding without 
artificial inflation and offers a better means for the study of the capillary 
circulation of the alveolus. In order not to cause a tear in the lung 
the visceral pleural surface is studied for this purpose. It must be 
emphasized, however, that the alveolar wall is to be focused into the 
visual field and not the transparent pleural wall. 

The one cell capillaries arise from the multiple cell capillary located 
in the periphery of the alveolar wall. These capillaries follow a rather 
tortuous course and terminate at the opposite multiple cell capillary. 
There is no apparent collateral ramification of the one cell capillaries. 
The alveolar wall is literally studded with them. The blood is seen to 
flow in one direction from one larger capillary, througb the one cell 
capillaries, to that on the opposite side. I have not noticed any reverse 
flow of blood cells. At first glance, the course of the blood cells appears 
much like the wavy motion which is seen on the surface of a wheat 
field when a gentle wind blows over the plants. When the lung is full}' 
distended or contracted, the flow becomes retarded. It is accelerated 
coincident with the process of distention or contraction. Similarly, with 
digitalization of the cardiac muscle, the flow of blood becomes retarded 
so that one can see the actual course a red blood cell follows in these 
capillaries. The blood cells are seen taking a rather tortuous, zig-zag 
course, always in the same one cell capillary, and finally reaching the 
larger capillary on the opposite side. The one cell capillaries appear 
more straight when the lung is distended and more tortuous when it 
is contracted (fig. 5). 

I have not as yet made any study of the lymph and nerve supply 
of the lung. I am trying to find appropriate methods or differentiating 

5. Joannides, M., and Tsoulos, G, ; The Etiology of Interstitial and Medias- 
tinal Emphysema; Experimental Production of Air Embolism, Acute Spontaneous 
Pneumothorax, Acute Pneumoperitoneum, Interstitial Mediastinal and Retroperi- 
toneal Emphysema, Arch. Surg. 21:333-339 (Aug.) 1930. 
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REPAIR OF PULMONARY INJURIES 

The lung contains a thick yellow gelatinous substance which acts as 
an adhesive agent in case of minor injuries. Injury to the lung without 
injury to any larger bronchi or vessels causes this substance to fill in 
the space and promptl}^ stop the air from leaking out of the injured 
part. In a few minutes it appears as a thick cover so that bubbles of 
air can be seen underneath it. In the dog one can easily demonstrate 
the presence of this substance by making a stab wound in the lung. 
The air now begins to leak through, and along with it is noticed this 
substance, mixed with hlood. To hasten the cohesion one may take 
the two cut portions, approximate them and exert a slight pressure with 
the thumb and index finger. Within thirty to sixty seconds the lung 
appears again completely air tight and water tight, as if no injury had 
occurred. 



Fig. 6. — The characteristics of an interlobular septum. At A note the particles 
of coal embedded in the wall of the alveolus. At B note the characteristics of the 
alveolus. At C note the comparative greater thickening at the mouth of the sacule. 
At D note the relatively loose relationship of the alveolar elements to the inter- 
lobular septum, 

EXTERNAL RESPIRATION IN THE ALLIGATOR’S LUNG 

The presence of a circular contractile ring in the atrium of the alli- 
gator’s lung has been noticed. This ring functions in connection witli 
external respiration. It reaches its maximum closure at the end of 
inspiration and then gradually dilates and reaches its maximum dilata- 
tion at the height of expiration and the beginning of the inspiratory 
phase. 

EFFECT OF CARDIAC CONTRACTIONS ON THE VOLUME OF 

THE LUNG 

Observation of the lung through a thoracoscope and also through 
a fluorescent roentgen screen reveals an interesting phenomenon. The 



JOAXXIDBS-STEREOMICROSCOPIC STUDY Of LUNG 15 


whole lung expands slightly at a moment coincident with the cardiac 
systole. This increase in pulmonary volume disappears during the 
diastolic phase of the cardiac cycle. One gets the impression of a 
])ulsating lung coincident with the cardiac contractions. Under the 
fluoroscope the pulsation becomes obvious when the lung is partially 
collapsed with artificial pneumothorax and the intrapleural pressure is 
negative. It may he possible by studying the amount of intrapleural 
pressure necessary to eliminate this pulsation as seen in the fluoroscopic 
.screen or on a recording drum to find a clinical method for studying 
the changes of ])rcssurc in the pulmonary circulation. 


SUM .M.VRV 

1. A study of the normal structure of the lung, both in the fixed 
and in the dried Iniman specimens and in the living animal, such as 
the frog, the turtle, the' alligator and the dog, shows that the lung 
presents the same fundamental architecture in all these animals. Varia- 
tions consist primarily of the greater complexity in the mammalia. The 
frog's lung may be looked on as a magnification of the general structure 
of an alveolus. The relation of the atrium to the terminal bronchiole 
can be noticed definitely in the lung of the turtle. 

2. Casts of the broncinal trees of mammals show that the greatest 
number of ramifications are given oft' by the smaller branches of the 
bronchial tree. These findings suggest an analogy to the branching of 
large shade trees. 

3. The terminal bronchiole, or atrium of Miller’s classification, is 
seen as a corkscrew-like cochlea-shaped tube with a circular cup-shaped 
groove enclosed within the various corrugations of the wall. There is 
a gradual transition in the bronchial tree from the tracheal type of struc- 
ture in the larger bronchi to the alveolar type in the terminal bronchioles 
(figs. 7 and 8). 

4. The pleural surface of the lung offers an opportunity for the 
study of the pulmonary alveolus. The pleura is transparent and easily 
placed out of focus. 

5. The normal alveolus is a small round, oval, triangular or polyg- 
onal sac with two or more compartments produced by septums arising 
from the alveolar wall. The alveolar stoma is smaller than the sac, 
both in the alveolus and in its compartments. 

6. The alveolar capillaries flow in one direction without any back 
flow. There is no apparent collateral capillary circulation. The capil- 
laries follow a tortuous course along the surface of the alveolar wall 
and reach the larger capillary on the opposite end of the wall. 

7. The visceral pleura acts as a loosely adherent air-tight and water- 
tight covering of the lung, and its boundaries are those of the lobules. 
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8. The lung contains an adhesive substance that heals its minor 
injuries. 

9. Some bronchioles ma}' he seen to terminate abruptly underneath 
the visceral pleura. I believe that this condition is frequently the cause 
of spontaneous pneumothorax. 

10. A diligent search for collateral I'espiration and the presence of 
alveolar pores ^ has failed so far to show me the existence of either 
one or the other. 



Fig. 7. — Longitudinal section of a bronchiole. Note the gradual cliange from 
bronchial to alveolar architecture. 



Fig. 8. — Section made in a case of carcinoma of the lung. Pulmonary implan- 
tations of cancer originating in the mediastinum. Note the disappearance of the 
alveolar elements and the transfer of the respiratory function to the terminal 
bronchioles. 

11. W. S. Miller came closest to describing the actual structure of 
the alveolus through his reconstructional studies. 

7. Macklin, C. C. : Alveolar Pores and Their Significance in the Human Lung. 
Arch. Path. 21:202-216 (Feb.) 1936. 


CHRONIC APPENDICITIS 


IS IT A CLINICAL ENTITY? 

HAROLD J. SHELLEY, M.D. 

Assistant Attending Surgeon, St. Luke’s Hospital 
NEW YORK 

This study was undertaken in an attempt to determine whether or 
not there is such a clinical entity as chronic appendicitis. The subject 
has been approached from the following three angles : First, the 
pathologic changes in appendixes supposed either before or after the 
operation to have been the cause of symptoms have been compared with 
the changes in those which a]iparently had never been the cause of symp- 
toms. Second, the incidences of pathologic changes in appendixes sup- 
posed to have been the cause of symptoms have been determined 
according to symptoms, physical findings, laboratory findings, sex and 
age. Third, the percentages of the patients followed up who remained 
free from symptoms have been determined according to the pathologic 
change found in the appendix and the other classifications just listed. 

In a study ^ made of the appendix in cases in which nothing in the 
history or physical findings indicated any present or past disease of that 
structure, in two thirds of the cases there was found to be definite path- 
ologic change (table 1). The incidences of inflammatory changes in 
the appendix for the total number of cases in which it was not the cause 
of symptoms, both when some other inflammatory lesion existed in the 
abdomen and when no other inflammatory lesion was noted, are also 
listed. The latter incidence was chosen for purposes of comparison in this 
study, as it was considered to be the nearest approach to the expectation 
of pathologic change in the appendix when the patient has been erro- 
neously operated on for chronic appendicitis. Reference will be made to 
these figures as a standard for comparison throughout the paper. 

The time covered was the same in the two series of cases, the eleven 
year period from 1925 to 1935. The cases studied included those of all 
patients operated on within this time in the wards at St. Luke’s Hospital 
whose symptoms were attributed, either before or after the operation, to 

From the Surgical Services of St. Luke’s Hospital. 

Presented before the Hospital Graduates Club, March, 25, 1937. 

1. Shelley, H. J. : The Incidence of Asymptomatic Pathologic Conditions in 
the Appendix, Based on Study of 2,065 Consecutive Incidental Appendectomies, 
Arch. Surg. 35:621 (Oct.) 1937. 
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a nonspecific chronic inflammatory lesion in the appendix. Eight hundred 
and eighty-one appendectomies met these requirements. For clarity, 
the various percentages throughout the paper have been stated as the 
nearest whole number, unless the percentages were so small that accurate 
comparisons could be made only by retaining the fraction. When com- 
parisons were made of the incidences of pathologic change in various 
groups, these incidences were calculated on the total number of appen- 
dixes in each group. The incidences in relation to the total number of 
cases studied are given in the tables as well as the percentages of follow- 
up cures. 


Table 1. — Incidence of Inflammatory Change in the Afpendix Without Symptoms 

or Physical Findings 
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* All the statistics are stated as the incidence per cent of the total number in each group. 

t The incidence when no inflammation was present in the abdomen other than in the 
appendix (lower lino of figures) is considered ns representing most closely the findings to 
bo expected when the condition in the appendix is not the cause of the patient’s symptoms. 

The percentages of follow-up cures were established as follows ; A 
total of 704, or 80 per cent, of all the patients were followed for an 
average of twelve aiid a half months. Of these patients, 87 per cent 
had no return of the symptoms which were the indications for their 
operations. The percentages of cures stated in the tables were calculated 
by dividing the number of persons having no return of their preoperative 
symptoms by the total number followed in each group. For the larger 
groups, the resulting figures may be considered satisfactory for purposes 
of comparison. When but a few cases fall within a group, the percentage 
of follow-up cures can be taken as only an indication of the success of 
the operation. 

MICROSCOPIC PATHOLOGIC OBSERVATIONS 

Listed in table 2 are the appendixes according to microscopic patho- 
logic changes ; for each group the incidence, the comparable incidence 
when no symptoms were noted and the percentage of follow-up cures 
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arc given. The pathologic processes other than nonspecific inflamma- 
tory changes or their ahscnce will be discussed later. A comparison 
of the incidences of microscopic pathologic change in the presence and 
in the absence of symptoms is presented graphically in chart 1 A. Only 
2S per cent of the patients showed no inflammatory change, as compared 
with 41 per cent in the absence of symptoms. This dift’erence was due 
entirely to the decrease in the incidence of normal appendixes from 
37 to 24 per cent. All appendixes which were normal, relatively normal 
or without definite pathologic change were listed as normal. The inci- 
dence of atrophic appendixes did not vary, being 4 per cent whether 


T.mile 2. — Incidence and Pollozc-U{> Cures According to Microscopic 
Pathologic Observations 
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* These figures are more readily studied in chart 1. 

t The ineideneo in eases wliieli involve no history or pliysieal findings indicating disease 
in tlie appendix is regarded ns standard. 

J Xo follow-up was made in this case. 

S Nino appendixes fall within two classifications each. 


S3Tnptoms were present or not. This is somewhat surprising, as this 
condition is probably due largely to pressure, which might well bs 
expected to cause symptoms in the right lower abdominal quadrant. 

As contrasted to the foregoing observations, 72 per cent showed 
some type of inflammatory change — an increase from 59 per cent in 
the absence of symptoms. Simple chronic appendicitis was found in 
only 24 per cent of the cases, as compared with 28 per cent when symp- 
toms were not noted. Therefore, the entire increase in incidence of 
inflammatory changes was due to the increase in the incidence of marked 
changes, 47 per cent as compared to 31 pec cent. This increase was 
not uniform in the various types of change considered under the classi- 
fication of marked changes. The incidence of chronic catarrhal 
appendicitis presented practically no r^ariation, 6 per cent as compared 
to 5 per cent. The incidence of chronic e.xudative appendicitis was more 
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than tripled, from 8 to 27 per cent, while that of chronic obliterative 
appendicitis with infiltration was doubled, from 5 to 10 per cent. That 
the increased incidence of the two most active and extensive types 
of inflammation should account for the total increase in the incidence of 
inflammatory changes in the appendix is a particularly interesting point. 
The incidence of chronic obliterative appendicitis without infiltration 
was lowered, 4 per cent as compared with 11 per cent. This is a com- 
pletely healed process without inflammation remaining. 

The percentage of follow-up cures according to the types of patho- 
logic change observed microscopically in the appendix are presented 
graphically in chart 1 B, The natural expectation is that the lowest 
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Chart 1. — A, compariscKT of the incidence of inflammatory cliauges in the 
appendix in the presence and in the absence of symptoms. The increase of the 
incidence of appendixes showing inflammatory changes in the presence of symp- 
tons attributed to the appendix is definitely shown. In cases of chronic obliterative 
appendicitis without infiltration, which is a completely healed process, a marked 
decrease in the percentage showing symptoms is found. B, percentages of follow-up 
cures according to the pathologic condition observed in the appendix. A greater 
percentage of follow-up cures is found in cases in which inflammatory changes 
were present. Of this group, the lowest percentage of cures is found in cases of 
chronic obliterative appendicitis without infiltration. That is as expected, but 
one would anticipate that the highest percentage would be found in cases of 
chronic exudative appendicitis. 


percentage of follow-up cures would be found in the cases in which 
the appendix was without inflammatory change. This is borne out 
by the figures, 80 per cent for these cases as compared with 89 per 
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cent for those in wlhcli inflammatory cliange was j^resented. The 
proportion of follow-np cures in the cases in which the appendix was 
normal was 81 per cent. The reason that the difYerence was not greater 
will become apparent when these figures are broken down according 
to gross pathologic change. Again it is surprising that the cases involv- 
ing atrophic appendixes not only showed no increase in the percentage 
of follow-up cures, as compared with those in which the appendix was 
normal, hut that the lowest proportion of cures, 74 per cent, was found 
in this group. 

In cases involving the various tj'pes of inflammatory change, there 
was a fairly uniformly high percentage of follow-up cures, regardless of 
the degree of deviation from the standard incidences or the severity 
of the inflammatory change. In cases of chronic exudative appendicitis, 
the lesion which presented the greatest increase in incidence over the 
standard and represents the most marked type of inflammatory change, 
the proportion of cures was only the average, 87 per cent. In cases 
of chronic obliterative appendicitis without infiltration, though the inci- 
dence of the condition is much less than the standard, the proportion 
of cures was the lowest ; but this figure, 85 per cent, was only 2 points 
less than the average. Tlie proportions of cures in cases of simple 
chronic appendicitis (90 per cent), chronic catarrhal appendicitis (91 
per cent) and chronic obliterative appendicitis with infiltration (92 per 
cent) were all improved over the general average, of 87 per cent. 

GROSS PATHOLOGIC CHANGES 

In the study of gross pathologic change only adhesions and fecaliths 
were considered. Variations in the incidences of microscopic pathologic 
change according to gross pathologic change were found in several 
respects (table 3). Normal appendixes occurred more frequently in 
the presence of adhesions than in the presence of fecaliths, the incidence 
being 26 per cent as compai'ed with 20 per cent. The incidence of 
atrophic appendixes in the presence of fecaliths, 6.5 per cent, was more 
than double that in the presence of adhesions, 3 per cent, and nearly 
double that when neither was present, 3.6 per cent. 

The total incidence of inflammatory changes was practically the same 
whether adhesions, fecaliths or neither was present. However, the 
incidence of simple chronic appendicitis was increased to 26 per cent 
in the presence of adhesions and 30 per cent in the presence of fecaliths, 
as compared with 22 per cent when neither was present. A slight 
decrease in the total incidence of marked changes was found in the 
presence of both adhesions and fecaliths, 45 and 44 per cent, respectively, 
as compared with 49 per cent when neither was present. The incidence 
of chronic catarrhal appendicitis presented no changes. That of chronic 
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exudative appendicitis was less in the presence of adhesions, 22 per 
cent, than when neither was present, 29 per cent, while in the presence 
of fecaliths there was an increase to 32 per cent. Changes occurred 
in the opposite direction and were even more marked in the incidence 
of chronic obliterative appendicitis, both with and without infiltration: 
The incidence of the former was 13 per cent with adhesions, 9 per cent 
with neither and 4.5 per cent with fecaliths ; that of the latter, 5.2 per 
cent with adhesions, 3.6 per cent with neither and 0.6 per cent with 
fecaliths. The incidences of microscopic pathologic changes when 
neither adhesions nor fecaliths were present conformed closely to the 
averages for the total number of cases studied. 


Table 3. — Incidence of Inflammatory Change in the Appendix According to 
Gross Pathologic Observations * 
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20 

3.0 
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20 

43 

5.9 

22 

13.0 

5.2 

Fecaliths} 

Lit 

27 

20 

C.o 

73 

30 

44 

5.8 

32 

4.5 

0.0 

Neither 


29 

25 

3.0 

71 

22 

49 

0.7 

29 

9.0 

i5.U 

Total 

S70 

2S 

24 

3.9 

72 

24 

47 

0.2 

27 

9.7 

3.7 


* Atrophic appendixes show a marked incrcaso in incideneo in the presenee of feealiths, as 
does chronic exudative appendicitis. Chronic obliterative appendicitis with and without 
infiltration and chronic exudative appendicitis present a marked increase in incidence in the 
presence of adhesions. 

t The incidence in cases which involve no liistorj- or physical findings indicating disease 
in the appendix is regarded as standard. 

f Under this heading are included all appcndi.xes containing fecaliths alone and those with 
fecaliths and adhesions together. 

To summarize: Adhesions occurred more often in the presence 
of chronic obliterative appendicitis and with more than the proportionate 
number of normal appendixes ; fecaliths, on the other hand, were asso- 
ciated particularly with atrophic appendixes and with chronic exudative 
and simple chronic appendicitis. 

Adhesions about the appendix were found at 38 per cent of the 
appendectomies, fecaliths alone or with adhesions at 18 per cent and 
neither at 44 per cent (table 4, chart 2). The percentages of follow-up 
cures were good when adhesions were present and did not vary appre- 
ciably with the extent of inflammatory change, the figure being only 
slightly lower when no inflammation was present. When fecaliths were 
pi'esent, the findings were similar. However, when neither was found. 
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tlie cures remained good in the presence of inflammatory change but 
dropped to the lowest figure, 74 per cent, when this condition also was 
absent. 

HISTORY AND SYMPTOMS 

Nearly all of the patients were operated on because of one or more 
attacks of pain in tbe right lower abdominal quadrant. A few had 
bad s^Tiiptoms elsewhere in the abdomen, but after an exploratory oper- 

T.able -1. — Incidence and Follow-U{> Cures According to Gross 
Pathologic Condition 


Per Cent Cured 

A.. 

inekicnee, Inflnimnntion in Appcndi.K 

Totiil per /— -* , Entire 

Cflscs Cent Xone Slight Marked Total Group 


.\dliei-ion? 331 3S 87 91 SS 90 S9 

Peeallthf' 1 .tG 18 S5 94 90 91 89 

Neither 394 44 74t 88 90 89 85 

Total SSI 100 SO 90 S9 90 87 


* Under tliia heading are Included all appendixes ivith fecaliths alone and those ivith 
fecaliths and adhesions together. 

i The low figure for follow-up cures when no adhesions, fecaliths or infiaminatory changes 
were present is outstanding. 



TOTAL fto TOTAL suGttr makktd 
CASES INFLAM. inflam. tNFLFM. tNFLFM 


WMaonfs/ons \M^fec.aliths nlithlr. 

Chart 2. — Incidence and percentages of cures according to tbe gross pathologic 
condition. The increased percentage of follow-up cures in the presence of either 
adhesions or fecaliths is shown. In the absence of inflammatory changes, the 
presence of either of these two conditions brings the percentages of follow-up 
cures practically to that of the average of all the cases studied. 

ation the symptoms were attributed to the appendix. Only 24 per cent 
were operated on in or following the first attack, while 45 per cent 
gave a history of multiple attacks over a period of one year or less 
and 31 per cent over more than a year (table S, chart 3). The per- 
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centages of follow-up cures were remarkably high when the attacks 
were multiple and not extended over a longer period than one year. 
This was uniformly true regardless of the presence, absence or degree 
of inflammatory change. The lowest proportion of cures, 78 per cent, 
occurred when the operation was done during or following the first 
attack, and only moderate improvement resulted — cures in 82 per cent 
of the cases — when the histor}*- revealed multiple attacks over periods 
greater than one year. In both of the last two groups fewer cures 


Table 5. — lucidence and FoUoia-Up Cures According to the Time 
Cozwred by the Attacks 


First attack 

Multiple attacks 
One rear or less 
Over one year. . 

Total 


Per Cent Cured 

A 


Total 

Cases 

Incidence, 

Inflammation in Appendix 

Entire 

Group 

per /- 
Cent 

None 

Slight 

Marked 

Total 

210 

24 

G3 

SO 

79 

S2 

78 

392 

4.-. 

O-I 

DC 

97 

97 

98 

27G 

31 

CO 

S3 

S7 

88 

82 

SSI 

100 

80 

90 

89 

90 

87 



TOTAL NO TOTAL sucht marked 
CASTS INFLAM. INFLAM infLAm. infLam. 

■ Xp^MUertPLe. ATTACK-S t^MULTIPLE. ATTACKS 

First attack t vfar. or less Eia / tear. 

Chart 3. — Incidence and percentages of cures according to the time covered by 
the attacks. A uniformly high percentage of follow-up cures is found when the 
history indicates multiple attacks within a year, notwithstanding the presence, 
absence or degree of inflammatory changes. When the history indicates only one 
attack, the percentages of follow-up cures are the lowest throughout but vary 
according to the presence or absence of inflammatory changes. 


resulted tvhen no inflammator}^ change tvas found, 65 and 69 per cent, 
respectively. Curiousl}", however, the variation from the incidences of 
microscopic pathologic change in the absence of symptoms (table 6, 
chart 4) is exactl}’^ opposite to the percentage of cures. This is slight 
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altliough uniform. Chart 4 has been arranged to show this comparison 
b}' placing the groups in descending order according to the percentage 
of cures, i. e., those never having had symptoms, those having had 
multiple attacks for one year or less, those having had multiple attacks 

Table 6. — Incidence of Inflaininalory Change in the Apl^cndi.v According to 
Time Coz’ered by the Attacks 
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21 

3.9 
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49 
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10.0 
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Multiple attacks— one year or lc.«s 

090 


20 

4.S 

70 

20 

44 

5.4 

20 

9.0 

.3.1 

Multiple attacks— over one year 

271 

2S 

2.> 

2.0 

72 

23 

49 

0.0 

29 

90 

3.3 

Total 

S70 

23 

24 

3.9 

72 

24 

47 

0.2 

27 

9.7 

3.7 


* The IncldcncQ In case? wlifoh Involve no history or pliysical findings indicating disease 
in the appendix is rcRardccl as standard. 



Chart 4. — Incidence of inflammatory changes according to the time covered 
by the attacks. With one exception the group of cases in which a history of 
multiple attacks within a year was given shows an incidence of pathologic change 
nearest to that found when no symptoms had been attributed to the appendix. 
Only in the group comprising cases of chronic obliterative appendicitis without 
infiltration does the expected variation occur. 


for more than one year and those submitted to operation during the 
first attack. Nausea and vomiting were mentioned in 66 per cent of the 
histories studied and reported as absent or not mentioned in 34 per cent 
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(table 7, chart SA). No definite relation was evident between its 
presence and the incidences of inflammatory changes (table S), although 
the percentage of follow-up cures was slightly increased in its absence 
(table 7, chart 5 A). Constij^ation was mentioned in 42 per cent of 
the histories and reported as absent or not mentioned in 58 per cent 
(table 9, chart SB). In the cases in which the history was negative 
in this respect, a slight but definite increase of the incidences of inflam- 
matory changes was found (table 10, chart 6). An even greater increase 

Table 7. — Incidcitcc and folloiv-Up Ciirc.f According to a History of 

A^ansca and Vomiting 

Incidence, Per Cent 

Totnl Cnses per Cent Cured 


Xnusea and vomiting 5S0 CO 80 

None* SOI 34 89 

Total SSI 100 87 


• Tin's clnssifleation ineiudes all histories in whieli nausea and vomiting were said not to 
have occurred or uerc not mentioned. 



Chart 5. — Incidence and percentages of cures according to a history of (A) 
nausea and vomiting or (B) constipation. 


in the percentage of follow-up cures occurred in the absence of the 
history of constipation, 90 per cent as compared to 83 per cent (table 9, 
chart SB). No appreciable variations were found according to the 
degree of inflammation present. 

PHYSICAL FINDINGS 

One of the most interesting sets of facts appeared in the study 
of the incidences of microscopic pathologic change according to physical 
findings and their correlation with the percentages of follow-up cures. 
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When tenderness was present in sites other than the right lower abdom- 
inal quadrant, the incidences of inflammatory changes checked with 
or approached closest to those found in the absence of symptoms and 
physical findings (table 11, chart 7). The greatest variations from the 
standard incidences were found when tenderness was present in the 
right lower abdominal quadrant with muscular spasm. The remaining 
groups showed a definite variation from the standard, although not to 

Table S . — Incidence of Inflammatory Clianeic in the Apt>cndix According to a 
History of A'ansca and I'omiting 



Standard* 41 .",7 4.3 59 28 31 4.S 8 5,2 10.5 

Nausea and vomiting .">72 29 25 3.7 71 24 47 7.0 20 9.3 4.2 

Nonet 29S 28 23 4.3 72 26 40 4.7 28 10,0 2.7 


Total 870 28 24 .3.9 72 24 47 0.2 27 9.7 3.7 


♦ The incidence in case.? winch involve no liistory or physical findings indicating disease 
in the appendi.v is regarded as standard. 

t This classification includes all historic.s in wliicli nausea and vomiting were said not to 
have occurred or were not mentioned. 


Table 9. — Incidence and FoUoiv-U p Cares According to a History 

of Constipation 




Incidence, 

Per Cent 


Total Cases 

per Cent 

Cured 

Constipation 


42 


None^ 

519 

5S 

90 

Total 

881 

100 

87 


* This classification includes all histories in which constipation was said not to have 
occurred or was not mentioned. 


such a marked extent. \Mien tenderness was not present in the abdo- 
men, the patient having been operated on because of the history or the 
findings in previous attacks, the variation from the standard was least 
after that of the cases in which tenderness was found elsewhere than 
in the right lower abdominal quadrant, ^^’hen tenderness was not 
detected high on the right by rectal or pelvic examination, the variation 
from the standard was slightly greater than when it was detected. The 
one exception was in cases of chronic exudative appendicitis, wliich 
might well be expected to produce definite tenderness at times. 
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The percentages of foliow-up cures checked very well with the find- 
ings just mentioned (table 12, chart 8). The highest incidence (96 
per cent) occurred when tenderness was found in the . right lower 

Table 10 . — Incidence of Inflanunntory Change in ihc Appendix According to a 

History of Constipation 


Standard*. . . 
Constipation 
Ji'ODCt 
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4T 

0.2 

27 
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* Tlie incidence in cases aliieh involve no iiistory or physical findinp.s indienting disease 
in the appendi.v is regarded as standard. 

t This classification includes all histories in vjhicb constipation was said not to have 
occurred or nas not mentioned. 
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tO-'CNPONtC C311T P'lTNOV'f INFICT. 


Bl CONSTIPATION 


NONE 


Chart 6. — Incidence ol inflammatory changes according to a history of constipa- 
tion. The incidence is slightly increased in the absence of such a history. 


abdominal quadrant associated with muscular spasm. As contrasted 
to this, when muscular spasm was not present the incidence of cures 
was 86 per cent, approximately the average for the whole group. No 
variation was found in the proportion of cures according to whether 
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tenderness high on the right was or was not detected by rectal or pelvic 
examination, the figures being 88 and 87 per cent, respectively. The 
remaining groups were too small to give conclusive figures, but the fact 

Table 11. — Incidence of Inflanunatory Change in the Appendix Aecording to 

Physical Findings 


Stnndnnl* 

Tenderness in the riKlit loiver abdominal 

(iiiadrant without muscular spasm 

Tenderness in the riftht lower abdominal 

quadrant with muscular spasm 

Xo tenderness in the abdomen 

Tenderness higit on the right detected by 

rectal or vaginal examination 

Xo tenderness detected by rectal or vaginal 
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Tenderness elsewhere 
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Chart 7. — Incidence of inflammatory changes according to physical findings. 
Note that the incidences of pathologic changes in cases in which tenderness was 
found in sites other than the right lower abdominal quadrant approximate \ery 
closely those in cases in which the appendixes were removed from patients 
never suspected of having had appendicitis. 
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that the incidences were uniformly low and that the total incidences of 
microscopic pathologic changes checked closely with the incidence found 
in the absence of symptoms and physical findings (chart 7) would 
indicate that these figures may be accepted. Physical signs elsewhere 
than in the right lower abdominal quadrant do not indicate the proba- 

Table 12. — hicideiicc and Follow-Up Cures According to Physical Findings 


Tenderness in the right lower abdominal quadrant or McBurnej‘’s 

point without spasm 

Tenderness in the right lower abdominal quadrant or McBumey's 

point with spasm 

Ko tenderness in the abdomen 

Tenderness high on the right detected by rectal or pelvic exam- 
ination 

Ko tenderness detected by rectal or pelvic examination 

Tenderness about the umbilicus 

Tenderness in the lett lower abdominal quadrant 

Tenderness in the right upper abdominal quadrant 

Tenderness in the entire abdomen 

Tenderness in the right flank 

Tenderness in the right eostovertehral angle 

Total 


Total 

Incidence, 

Per Cer 

Cases 

per Cent 

Cured 
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10 
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87 
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Chart 8. — Incidence and percentages of cures according to physical findings. 
The percentages of cures are uniformly low in the cases in which tenderness 
was present in sites other than the right lower abdominal quadrant. This 
observation checks with the incidences of inflammatory changes (chart 7). 


hility of relief by the removal of the appendix. There is one exception, 
tenderness in the region of the umbilicus, with 83 per cent follow-up 
cures ; but this site is close to the normal location of the appendix, and 
tenderness there could very well at times be actual appendical ten- 
derness. 
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LEUKOCYTE COUNTS 

When no leukocyte count was done and when the counts were under 
10,000 (table 13), the incidences of the various types of pathologic 
change found in the appendix presented no appreciable variations from 
the averages. Associated with counts from 10,000 to 12,000 there was 

Table 13. — Incidence of Inflammatory Change in the Appendix According to 

Leukocyte Count * 


Standard! 

No leukocyte count 

Leukocyte count under 10,000 

Leukocyte count 10,000 to 12,000. 
Leukocyte count 12,000 to 11,000. 
Leukocyte count 14,000 and over 

Total 
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25 

4.7 

70 

26 

44 

5.1 

24 

10.5 

4.0 

319 

28 

25 

3.4 

72 

25 

47 

6.3 

28 

9.4 

3.4 

116 

29 

25 

4.3 

71 

19 

52 

8.6 

31 

6.9 

4.3 

78 

22 

21 

1.2 

78 

29 

49 

9.0 

24 

14.1 

1.2 

SO 

29 

24 

5.0 

71 

SO 

41 

3.7 

25 

7.5 

5.0 

870 

23 

24 

3.9 

72 

24 

47 

62 

27 

9.7 

3.7 


* No outstanding trends are in evidence, although there is a tendency to vary from the 
incidences found in the absence of symptoms as the leukocyte counts increase up to 14,000. 
When the count is above this figure, the incidences approach nearer to that which occurs 
when no pathologic condition of the appendi.v was suspected preoperatively. 

t The incidence in cases which involve no history or physical findings indicating disease 
in the appendi.'c is regarded as standard. 


Table 14. — Incidence and FoUozv-Up Cures According to Leukocyte Count * 


Per Cent Cured 


Incidence, Inflammation in Appendix 

Total per , * , Entire 

Cases Centt None Slight Marked Total Group 


Leukocyte count 

Under 10,000 320 54 82 94 90 91 90 

10.000 to 12.000 117 19 82 94 92 92 90 

12.000 to 14,000 78 13 S3 90 90 90 89 

14.000 and over 82 14 83 81 90 90 88 

Total 597 100! 82 91 91 91 89 


* No relation between the leukocyte counts and follow-up cures can be demonstrated, 
t Percentages are based on 597 cases in which leukocyte counts were done. 

! Of all the eases studied, leukocyte counts were recorded in 68 per cent. 

little change from the averages, although a slight increase in the inci- 
dences of inflammatory changes was present. This became somewhat 
more noticeable when the counts were from 12,000 to 14,000. When 
they were above the latter figure the percentages dropped back to or 
below the averages. The percentages of follow-up cures held close to 
the averages throughout (table 14), notwithstanding differences in the 
leukocyte counts. 
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PREOPERATIVE DIAGNOSES 

The preoperative diagnosis is the surgeon’s total impression of the 
history, the physical examination and the reports from the laboratory. 
Here it may be considered as a measure of the severity of the symptoms, 


Table. IS. — hicidence of hiflammatory Change in the Appendix According to 

Preoperative Diagnosis 


Standard* 

Diagnosis of chronic appendicitis. . . 
Diagnosis of interval appendectomy 
Diagnosis of subacute appendicitis.. 

Diagnosis of acute appendicitis 

Other diagnoses 


Total, 


* The incidence in cases which involve no history or physical findings Indicating disease 
in the appendix is regarded as standard. 




TOTAL- NO TOTAL WITH SI/HPIE total hyitH eptmomt cmmic exvo- cm- cmamk cbut 

INFLAMM- NORMAL ATROPHIC /NFLAMM» CHAON. APPEHP- MARKtO cuARCe.- m^p^NOKiTit wtrn wA/t? wtfftoor 


CHRONIC APPENDICITIS ^^tNTEAVAL APPENDECTOMY APPENDICITIS ^^ACVTE APPENDICITIS ^^OTHEA PIASNoSES 

□ STANDARD (no symptoms) 

Chart 9. — Incidence of inflammatory changes according to the preoperative diag- 
nosis. The chart demonstrates the fact that the more severe the symptoms and 
physical findings (as indicated by the preoperative diagnoses), the more the 
incidences of inflammatory changes vary from those found in cases in which 
the patients had had no symptoms or physical findings attributed to the appendix. 

An exception is found in the cases in which other diagnoses than appendicitis 
were made, but these were cases of patients in the older age groups. 
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the seriousness of the physical findings and the increase in the leukocyte 
count, provided the last group, “other diagnoses” (table 15), is tem- 
porarily ignored. The incidences of inflammatory changes varied 
directly, and noticeably, with the severity of the symptoms, etc., as 
indicated by the preoperative diagnoses (table 15, chart 9). The total 
incidence of inflammatory clianges, the total incidence of marked 
changes, the incidence of chronic exudative appendicitis and the inci- 


Table 16. — Incidence and F ollov.'-U p Cures According to Preoperative Diagnosis 






Per Cent Cured. 




Incidence, 

Inflammation in Appendix 



Total 

per 



■A 


Entire 


Cases 

Cent 

None 

Slight 

Marked 

Total 

Group 

Diapnosis oj 








Chronic appendicitis 

309 

S5 

79 

91 

SI 

85 

82 

Interval appendectomy. . . . 

191 

22 

84 , 

S4 

93 

89 

88 

Subacute appendicitis 

2;i7 

27 

80 

97 

95 

96 

02 

Acute appendicitis 

119 

13 

89 

91 

94 

93 

91 

Other diapnoscs 

25 

3 

EG 

75 

07 

69 

74 

Total 

SSI 

100 

SO 

90 

89 

DO 

87 


"fin 


H i 



TOTAL 

CASES 


707 fiL -NO JoreL SUCKJ ytaCKCK 
/NFLAMM. INFLAMM. /NFiXAm- iNFLXMn 



■ CHFONIC APPFNaiCIrlS 0 INTFRV/II. APPFHDCCTOFir ® SUBFICU7& flFPtNDICI7IS 
d fiou 7E flPPFNDICirlS 0 OTHen. OIPGNOSES 


Chart 10. — Percentages of cures and incidence according to the preoperative diag- 
nosis. Throughout, the best percentages of follow-up cures were attained when 
the diagnosis was subacute or acute appendicitis, and the poorest when some 
preoperative diagnosis other than appendicitis had been made. 


dence of chronic obliterative appendicitis with infiltration increased with 
the severity of the symptoms as indicated by diagnoses. Incidence in 
the other groups showed no definite variations in either direction. 

In the group of cases. classified under the heading “other diagnoses,” 
the number of appendixes studied was too small for the figures to be 
conclusive. The high incidence of inflammatory changes was due'^to 
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the fact that the average age of the patients was past middle life. The 
effect of age on these incidences will be taken up later in this paper. 
The distribution of the low percentages of follow-up cures was as uni- 
form as could be expected in view of the small number of cases in this 
group, 25 (table 16, chart 10). The average, 74 per cent, was by far the 
lowest proportion of cures found in the various groups as classified 
accoi'ding to preoperative diagnoses. This circumstance checked very 
well with the fact that correspondingly low percentages of follow-up 
cures resulted when tenderness was found elsewhere than in the right 
lower quadrant (chart 8). The proportion of cures in the cases in Avhich 
the diagnosis was chronic appendicitis was somewhat below the average, 
82 per cent; in the cases in which the diagnosis indicated interval 
appendectomy, it was about the average, 88 per cent, and in the cases 
in which the diagnosis was subacute or acute appendicitis, it was high, 
92 and 91 per cent, respectively. The particularly interesting point is 
that these figures checked with the incidences of inflammatory changes. 


Table 

17 . — Incidence and FoUmv-Up Cures 
Wassermann Reaction * 

According 

to the 



ineidence, 

Per Cent 


Total Cases 

per Cent 

Cured 

Negative reaction. . 


9S 

8S 

Positive reaction.. . 


2.4 

100 

Total 

G59t 

100 

88 


♦ This table is of interest only in that it shows the incidence of positive Wassermann 
reactions in the series. No evidence of syphilis was found by microscopic examination of the 
appendixes. 

t Wassermann tests were done in 75 per cent of the 8S1 cases studied. 

WASSERMANN REACTIONS 

Wassermann reactions were reported in 659 cases, 75 per cent of 
the total studied. Of these, 16 reactions were positive (table 17), giving 
an incidence of 2.4 per cent. It is interesting to note that in this small 
group no patients returned with a recurrence of symptoms. Sections 
of the appendixes from all of the patients with positive Wassermann 
reactions were reviewed, and in none could any evidence of syphilitic 
lesions be found. 

SEX 

A slight but uniform increase in the incidences of inflammatory 
changes was found in the appendixes removed from men as compared 
with those from women (table 18, chart 11.^). This information 
checked with the fact that there was a somewhat higher percentage of 
follow-up cures in the cases of men, 90 per cent as compared to 86 
per cent (table 19, chart 115). The total number of patients was made 
up one third of men and two thirds of women. 
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AGE 


The percentages of follow-up cures showed no great variations with 
increase in the age of the patients (table 20, chart 12). It is of interest, 

Table 18. — Incidence of Inflammatory Change in the Appendix According to Sex 
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standard* 


41 

37 

4.3 

59 

28 

31 

4.8 

8 

5.2 

10.6 

Male 

285 

27 

22 

5.3 

73 

23 

49 

C.6 

29 

9.8 

3.5 

Female 


29 

2C 

3.2 

71 

2C 

45 

6.0 

23 

9.G 

3.8 

Total 

870 

28 

24 

3.9 

72 

24 

47 

6.2 

27 

9.7 

3.7 


* The incidencfl in cases which involve no history or physical findings indicating disease 
in the appendi.v is regarded as standard. 



/-/VO INFLAMMATION 
z- NORMAL 

3 - ATROPHIC 

4- total-inflammation 

5- SIMPLE CHRONIC APPEND. 

■ MALE ^ 


6 - TOTAL- MARKED CHANCES 
7- CHBoNtC CATPPUNPL APP&NO. 
6“ CHRONIC EJUDATIVE APPEND 
^ ' CHRONIC OEUT with INPUT- 

10’ chronic oeUT. without inphj- 

fbmall 



Mmalb M female 


Chart 11. — A, incidence of inflammatory changes according to sex. Tlie 
incidence is slightly higher in the appendixes removed from men. B, incidence and 
percentages of cures according to sex. Corresponding to the increased incidence 
of inflammatory changes in the appendixes removed from men there is a slight 
increase in the follow-up cures. 


however, to note that the two lowest figures were for the age groups 
41 to 50 and 21 to 30 (80 and 84 per cent, respectively). These ages 
coincide with two periods of physical and mental change in women j i. e.. 
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the menopause and the period of adjustment to sex and to family or 
business life. The incidences of inflammatory changes in the appendixes 
varied with increase in the patients’ ages (table 21, chart 13) much 
as did those in the appendixes which had not been the cause of symp- 
toms or physical findings, but the variations were more marked. 

Table 19. — Incidence and FoUow~U p Cures According to Sex 


Incidence, Per Cent 

Total Cases per Cent Cured 


Male 2S9 33 90 

Pemale 592 67 80 

Total 881 100 87 


Table 20. — Incidence and Follow-Up Cures According to Age 


Age itoio... 
11 to 20... 
21 to 30... 
31 to 40... 
41 to 50... 
51 to 00... 

Total, 


Total Cases 

Incidence, 
per Cent 

Per Cent 
Cured 

25 

3 

94 

351 

40 

89 

320 

36 

84 

126 

14 

88 

41 

5 

SO 

18 

2 

86 

SSI 

100 

87 



AGE INCIDENCE 
BY DECADES 



PER CENT CURED ACCORDING 
TO AGE BY DECADES 


Chart 12. — Incidence and percentages of cures according to age. Seventy-six 
per cent of the patients were between the ages of 11 and 30. The lowest percent- 
age of follow-up cures is found in the years of the menopause in women. This 
observation would indicate that in this period of life accurate diagnosis is most 
difficult. 


With increase in the age of the patients, the following changes in 
incidences appeared : a marked decrease in the incidence of normal 
appendixes and, in the presence of symptoms, of chronic exudative 






Table 21. — Incidence of Inflammatory Change in the Appendix According to Age 


Standard!. . 
Ace 1 to 10. 
11 to 20. 
21 to SO. 
31 to 40. 
41 to 50. 
51 to GO. 





41 

37 

4.3 

59 

28 

31 

4.8 

8 

5.2 

10.5 

24 

33 

33 

0.0 

07 

21 

4G 

8.3 

38 

0.0 

0.0 

349 

34 

SO 

3.7 

GG 

25 

42 

4.9 

28 

G.9 

1.5 

315 

30 

26 

3.8 

70 

24 

46 

5.7 

26 

10.8 

3.2 

125 

17 

12 

5.0 

83 

24 

59 

8.0 

23 

13.6 

8.9 

40 

15 

8 

7.4 

85 

27 

58 

10.0 

20 

17.5 

10.0 

17 

C 

6 

0.0 

94 

29 

65 

17.7 

24 

11.8 

11.8 


Total 


870 28 24 3.9 72 24 47 0.2 27 9.7 3.7 


* The trends indicated in this table are much better sbonn in chart 13. 

+ The incidence in cases which involve no history or physical findings indicating disease 
in the appendix is regarded as standard. 



TOTAL- NO INFLAM- NOn.Mf^L /it«op«/c TOTAL WITH INFLAM, chronic simple f*PP. 



M PKE D CHANCES enHOMie AAA. Chaohic tWOMiHri RpR. cm«o«/c e«irr y^irm inailj caachk eaiij »vrf>*o*/r /•/'if 

□ S7ANDHFD (no SYMPTOMS^ ■ M//W SYMPTOMS 
BACH CKOUP OWES CONSECUTtyiL DECADES PK.OM t TO 60 YEARS 

Chart 13. — Incidence of inflammatory changes according to age in the presence 
and in the absence of symptoms. This chart demonstrates the marked accentuation 
of the effect of age on the inflammatorj'^ changes in the appendix when symptoms 
are present. This statement does not hold true of simple chronic appendicitis, 
perhaps because the recurring attacks cause more advanced pathologic changes 
to appear. 
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appendicitis, though the latter in the absence of symptoms showed no 
definite trend ; a marked increase in the incidence of atrophic appendixes, 
chronic catarrhal appendicitis and chronic obliterative appendicitis with 
and without infiltration, and no marked change in simple chronic appen- 
dicitis, although a slight increase was found in the presence of symp- 
toms, whereas a slight decrease occurred in the absence of symptoms. 
Subacute appendicitis, which pathologically closely approximates chronic 
exudative appendicitis, also decreases in incidence with increase in the 
age of the patients. 

PATHOLOGIC CONDITIONS OTHER THAN NONSPECIFIC INFLAMMATION 

Adhesions and Fccaliths . — detailed discussion of adhesions and 
fecaliths was given in connection with tables 3 and 4. Since their inci- 
dences were not noted in the absence of symptoms and physical find- 
ings attributable to the appendix, no comparisons can be made. 

Foreign Body in the Lumen of the Appendix . — Foreign bodies were 
found 12 times, an incidence of 1.4 per cent, as compared with 0.2 per 
cent in the absence of symptoms and physical findings. 

Oxyuris was noted in 10 appendixes, an incidence of 1.1 per cent, 
as compared with 0.2 per cent when a pathologic condition of the appen- 
dix was not suspected preoperatively. The microscopic examination 
showed a normal appendix in 1 case, simple chronic appendicitis in 3 
and chronic exudative appendicitis in 6. Adhesions were present in 
3 cases and fecaliths in 2. The appendix was removed in the first 
attack in 7 cases, while in the remaining 3 intermittent attacks had 
occurred for from three to six months. All of the patients presented 
tenderness at McBurney’s point, but only 2 had definite muscular spasm. 
The total leukocyte counts varied between 7,300 and 22,500 and the 
differential counts from 74 per cent polymorphonuclears and 26 per 
cent lymphocytes to 88 per cent polymorphonuclears and 12 per cent 
lymphocytes. No eosinophils were found in any of the 10. Eight 
patients were followed, and none had a return of the preoperative 
symptoms. 

A small piece of wire was found in 1 appendix. Microscopically, the 
pathologic condition was chronic exudative appendicitis. The patient 
had had continuous pain in the right lower abdominal quadrant for the 
three months preceding the operation. Tenderness was present at 
McBurney’s point without muscular spasm. The total leukocyte count 
was 9,000, with 62 per cent polymorphonuclears, 26 per cent lympho- 
cytes, 10 per cent eosinophils and 2 per cent basophils. There were no 
adhesions about the appendix, but it contained a fecalith. This patient 
was the only one in the series presenting definite eosinophilia. She 
had no return of the preopei'ative symptoms. 
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A seed was present in one appendix. The patient had had three 
attacks of pain in the right lower abdominal quadrant in the five months 
preceding the operation. Tenderness was present at McBurney’s point 

Table 22. — Incidence and FoUoiu-Up Cures According to Pathologic Condition 
Other than Nonspecific Inflammation 



Total 

Incidence, 

Standard 

Per Cent 


Appendixes 

per Cent* 

Incidencet 

Curedt 

Adhesions§ 

430 

48 


89 

3?ccaliths§ 

156 

IS 

... 

89 

Foreign body in the lumen 

12 

1.4 

6.2 

100 

Oxj’uris 

10 

1.1 

0.2 

100 

Wire 

1 

0.1 

0.0 

100 

Seed 


0.1 

0.0 

100 

Mucocele 

2 

0.2 

0.2 

100 

Diverticulum 

2 

0.2 

0.1 

100 

Lymphoid hyperplasia 

1 

O.I 

0.0 

...II 

Tuberculosis 

2 

0.2 

0.3 

100 

Tumors 


0.8 

0.3 

100 

Carcinoid 

6 

0.7 

0.1 

100 

Carcinoma 

1 

0.1 

0.1 

100 

Total 


69 

1.5 

89 


* Percentages are based on the 881 cases studied. 

t The incidenea in cases yrMch involved no history or physical findings indicating disease 
in the appendix is regarded as standard. 

t The percentages o( follow-up cures hold uniformly high in the presence of these various 
pathologic conditions. 

§ Both adhesions and fecaliths were present in 99 cases. 

|( No follow-up was made in this case. 
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□ Sr/jA/DPiffO 4Vt7 SYMPTOMS) B WITH SYMPTOMS 

Chart 14. — Comparison of the incidence of pathologic conditions other than 
nonspecific inflammatory changes in the presence and in the absence of s 3 'mptoms. 
With foreign bodies in the lumen of the appendix and with tumors, the incidences 
are markedly increased in the presence of sy'mptoms referable to the appendix. 

with muscular spasm. Adhesions were found about the appendix. 
Microscopic examination showed only simple chronic appendicitis. This 
patient had no postoperative return of symptoms. 
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Mucocele of the Appendix . — Mucocele was found twice, an inci- 
dence of 0.2 per cent, which is the same as that found when no symp- 
toms or physical findings indicated a pathologic process in the appendix. 
One of the patients had had recurrent attacks of pain in the right side 
of the abdomen for ten years; the other was operated on in the first 
attack. One presented a normal abdomen; the other, tenderness at 
McBurney’s point without muscular spasm. A leukocyte count done on 
1 gave the following results: The total count was 10,000, with 66 per 
cent polymoi-phonuclears and 34 per cent lymphocytes. Both patients 
were followed, and neither had a recurrence of symptoms. 

Dwerticulnm of the Appendix . — Two appendixes showed diverti- 
cula, an incidence of 0.2 per cent, as compared with 0.1 per cent when 
no symptoms were noted. Both patients had had recurrent attacks of 
pain in the right lower abdominal quadrant, 1 for five months and the 
other for eighteen months. Both had tenderness at McBurney’s point 
without muscular spasm. No leukocyte counts were made. In each 
case the uninvolved part of the appendix showed chronic exudative 
inflammation. Both patients were followed, and no recurrence of symp- 
toms occurred. 

Lymphoid Hyperplasia . — Only 1 case of lymphoid hyperplasia was 
found, an incidence of 0.1 per cent. The patient had had recurrent 
attacks of pain in the right lower abdominal quadrant for one year. 
Tenderness was present at McBurney’s point without muscular spasm. 
No adhesions were present. The patient did not return to the follow-up 
clinic. 

Tuberculosis of the Appendix . — Two appendixes were tuberculous, 
an incidence of 0.2 per cent, as compared with 0.3 per cent when no 
symptoms or physical findings referable to the appendix were noted. 
The higher percentage in the latter group may be due to the fact that 
among the tuberculous appendixes removed at incidental appendectomies 
were several removed at operations for some other tuberculous condition 
in the abdomen. One of the patients was operated on in the first attack, 
the other having had recurrent attacks for three months. Tenderness 
was present at McBurney’s point with muscular spasm in both cases. 
The leukocyte count of the patient in the first attack was 19,300, with 
88 per cent polymorphonuclears and 12 per cent lymphocytes; that of 
the patient with recurrent attacks was 8,100, with 68 per cent poly- 
morphonuclears and 32 per cent lymphocytes. Pathologically, both 
appendixes showed chronic tuberculous appendicitis. Neither patient 
had any return of the abdominal symptoms, although both had con- 
tinued activity of the pulmonary lesions. 
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Tumor of the Appendix . — Tumor was found in 7 appendixes, an 
incidence of 0.8 per cent, as compared with 0.3 per cent in the absence 
of symptoms or physical findings pointing to a pathologic condition in 
the appendix. 

A carcinoid of the appendix was noted 6 times. Two of the patients 
were operated on in their first attacks of pain in the right lower abdom- 
inal quadrant, the others having had recurrent attacks, 3 for one year 
or less and the other for many years. The leukocyte counts varied from 
7,000 to 18,000 and the differential counts from 76 per cent polyraorpho- 
nuclears and 24 per cent lymphocytes to 82 per cent polymorphonuclears 
and 18 per cent lymphocytes. Two patients had normal abdomens, 
while 4 had tenderness at McBurney’s point, of whom 2 had definite 
muscular spasm. The entire appendix was involved in 1 case. Micro- 
scopic examination in the others showed, in the remainder of the appen- 
dix, normal conditions in 2 cases, simple chronic appendicitis in 1, 
chronic obliterative appendicitis in 1 and adhesions in 1. Five patients 
were followed, of whom none had any return of the symptoms. 

Table 23 . — Postoperative Deaths* * 


Cause of Death Time Postoperative 

Hespiratory failure, pulmonary edema 80 minutes 

Peritonitis duo to Streptococcus hoemolytieust 7 days 

Pulmonary embolus 11 days 

Acute infection of the upper part of the respiratory tract, purpura 

haemorrhagica, acute pericarditis, chronic fibrous pleuritls...... 62 days 


* The total number of deaths was 4, a mortality of 0.45 per cent. 

■f The incidence of peritonitis for the 881 operations was 0.1 per cent. 

A carcinoma of the appendix (infiltrating type) was found in 1 
case. The appendix contained a fecalith, but there were no adhesions 
about it. The patient had had recurrent attacks of pain in the right 
loAver abdominal quadrant for two and one-half years, the last having 
occurred six weeks before the operation. The abdomen was normal 
on physical examination. After the operation there ivas no return of 
the preoperative symptoms and no evidence of recurrence of the malig- 
nant growth up to the time when the patient was last seen, more than 
one year later. 

POSTOPERATIVE DEATHS 

Four deaths occurred postoperatively in the 881 cases, a mortality 
of 0.45 per cent. One patient died thirty minutes after operation of 
respiratory failure. Autopsy revealed only pulmonary edema. This 
patient had had recurrent attacks of pain in the right lower abdominal 
quadrant for two years, four in the two weeks before admission. At 
the time of entrance to the hospital the leukocyte count was 12,000, 
with 78 per cent polymorphonuclears, 20 per cent lymphocytes and 
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2 per cent eosinophils. Three days later the count was 8,000, with 
76 per cent polymorphoniiclears and 24 per cent lymphocytes. The 
operation was done two days after that. The appendix was bound 
down and kinked in the middle by adhesions. Microscopically, it 
showed chronic obliterative appendicitis. 

A second jDatient died seven days after operation of peritonitis due 
to Streptococcus haemolyticus. At autopsy the region of the cecum was 
found to be normal. This patient had had two attacks of pain in the 
right lower abdominal quadrant, the first a year and the second six 
weeks before the operation. The appendix was found kinked in the 
middle by adhesions and was microscopically normal. 

Two other patients died after leaving the surgical service. One died 
of pulmonar}'^ embolus on the eleventh day after operation, two days 
after leaving the hospital. This patient had had recurrent attacks of 
pain in the right lower abdominal quadrant for six years, the last 
occurring ten days before admission. The leukocyte count was 10,500, 
with 78 per cent polymorphonuclears and 22 per cent lymphocytes. 
The apiDendix was kinked by adhesions and microscopically showed 
chronic obliterative appendicitis with infiltration. 

The last fatality was in the case of a patient who died two months 
after operation, while under treatment in the medical service. Up to 
the eleventh day after operation her convalescence was uneventful. An 
acute sore throat then developed, with infection in the ethmoid sinuses 
and antrums. The diagnosis during the illness, confirmed at autopsy, 
was purpura haemorrhagica, acute pericarditis and chronic fibrous pleu- 
ritis. On admission the patient had given a history of attacks of pain 
in the right lower abdominal quadrant for six months, the last having 
been present at the time of admission. Examination of the abdomen 
showed tenderness at McBurney’s point without muscular spasm. The 
leukocyte count was 10,000, with 80 per cent polymorphonuclears and 
20 per cent lymphocytes. The appendix was bound down by adhesions 
and appeared edematous. Microscopically, it showed a marked chronic 
exudative appendicitis. During the two months of her postoperative 
illness the patient had no attacks of pain in the right lower abdominal 
quadrant. It might well be considered that this last case should not 
be included in the calculation of postoperative mortality. 

SUMMARY 

A critical study has been made of 881 cases in which appendectomy 
was performed because of symptoms attributed, either before or after 
the operation, to a nonspecific chronic inflammation in the appendix. 
The microscopic observations in these appendixes were compared with 
a standard, the incidences of microscopic pathologic conditions when 
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there were no symptoms or physical findings attributable to the appendix 
and no inflammation noted elsewhere in the abdomen. A considerable 
increase in inflammatory changes was found, due entirely to the marked 
increase in the incidences of chronic exudative appendicitis and chronic 
obliteratir^e appendicitis with infiltration. A corresponding decrease in 
the incidence of normal appendixes occuri'ed. 

The percentages of follow-up cures were found to be low when no 
inflammatory changes were present, cases involving atrophic appendixes 
giving the lowest figure. When inflammatory changes were found, a 
higher percentage of follow-up cures resulted from appendectomy. 
These cures appeared not to depend on the type of inflammatory change 
present or its variation from the standard incidence as described. When 
adhesions or fecaliths were found with a normal appendix, the per- 
centage of follow-up cures was increased almost to those found when 
inflammatory changes were present in the appendix. 

When the patients gave a history of more than one attack occurring 
within a period of one 3'ear or less, the percentage of follow-up cures 
was remarkabl}' high. It was low when the attacks covered a period 
longer than one year and was still lower when the patients were operated 
on during or following the first attack. The incidences of inflammatory 
changes were unaifected by the presence or absence of a history of 
nausea and vomiting, although the percentage of follow-up cures was 
slightl)’' decreased in the presence of such a histor3^ When a histor3'^ 
of constipation was given, the incidences of inflammator3^ changes 
decreased slightly, as did the percentage of follow-up cures. 

Both the incidences of inflammator3' changes and the percentages 
of follow-up cures varied directly with the definiteness of localization 
and the seriousness of the physical findings in the right lower abdominal 
quadrant, the highest figures being obtained when both tenderness and 
muscular spasm were present. When tenderness was found elsewhere 
in the abdomen than in the right lower quadrant, the incidences of 
inflammatory changes checked almost exactl3' with those for the patients 
who had had no symptoms or physical findings referable to the appendix 
and the lowest percentages of follow-up cures resulted. When the 
patients were operated on only because of the histor3'^ of attacks of 
pain in the right lower abdominal quadrant, no tenderness having been 
found after admission to the hospital, the results were the same as the 
average for the whole group studied. The presence or absence of 
tenderness high on the right detected by rectal or vaginal examination 
bore no apparent relation to the incidences of inflammatory changes or 
to the percentages of follow-up cures. 

The leukocyte counts did not appear to bear a definite relation to 
the follow-up cures or to the incidences of pathologic change, although 
with a moderate increase in the leukocyte counts there was a slight 
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increase in the incidences of inflammatory changes. The incidences 
of inflammatory changes in the appendix were found to vary directly 
with the definiteness of the localization and the severity of the patient’s 
symptoms as indicated by the diagnoses. This relation was corrobo- 
rated by an equivalent increase in the follow-up cures in the same 
sequence. When diagnoses other than appendicitis were made pre- 
operatively and the symptoms attributed to the appendix after operation, 
the percentage of follow-up cures was low notwithstanding a high inci- 
dence of inflammatory changes. (The average age of these patients 
was much higher than that in the other groups.) This finding checked 
with the equally low percentages of follow-up cures when tenderness 
had been noted elsewhere in the abdomen than in the right lower 
quadrant. 

The incidence of positive Wassermann reactions was 2.4 per cent. 
This condition bore no demonstrable relation to either the pathologic 
condition of the appendix or the follow-up cures. The ratio of men 
to women was 1 : 2, with a slight increase in the incidences of inflam- 
matory changes and percentage of follow-up cures in the men. With 
an increase in the age of the patients there was a marked increase in 
the incidences of atrophic appendixes, chronic catarrhal appendicitis 
and chronic obliterative appendicitis with and without infiltration; no 
definite change occurred in the incidences of simple chronic appendicitis 
and chronic exudative appendicitis, and a marked decrease took place 
in the incidences of normal appendixes. The changes with increase in 
the age of the patients were much greater than in the appendixes from 
patients who had not been suspected preoperatively of ever having had 
any appendical pathologic condition. Even after the small number of 
appendixes presenting pathologic changes other than inflammatory 
changes was taken into account, the figures did show that these condi- 
tions increased in incidence in the presence of symptoms and physical 
findings attributed to the appendix and that appendectomy did give 
relief from those symptoms. 

CONCLUSIONS 

1. A chronic inflammatory process, adhesions, fecaliths or combi- 
nations of these conditions in the appendix have been shown to be the 
cause of definite symptoms and physical findings which can be relieved 
by appendectomy. A general term “chronic appendicitis” is suggested 
to cover these conditions. 

2. In properly selected cases, an appendectomy for chronic appen- 

dicitis gives an excellent expectation of cure, but the following points 
should be borne in mind : (c) In the presence of a history of nausea 

and vomiting or of constipation, especially in women, particular care 
must be exercised in the selection of cases, (b) The more definite and 
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localized the physical findings, the better is the expectation of cure. 
When tenderness is found in other parts of the abdomen than the right 
lower quadrant, one should be most reluctant to attribute the patient’s 
symptoms to chronic appendicitis, (rf) The expectation of cure is excel- 
lent when the history is of more than one attack within a period of one 
)'ear or less, much poorer when the attacks cover a period longer than 
one 3 'ear and poorest when the patient is operated on in or following 
the first attack. 

3. When no inflammatory change is found in the appendix, the 
expectation of cure is not good unless either adhesions or fecaliths are 
present, in which case the results are nearly equal to those obtained 
when inflammatory changes are present. 

4. Owing to recurrent attacks, there is evidently an increase in the 
pathologic condition in the appendix, as the change with age is much 
more marked than in the absence of symptoms attributable to the 
appendix. 

5. A mortality of less than 0.5 per cent in the 881 appendectomies 
would indicate that the operation for the cure of chronic appendicitis 
is a safe procedure. 

6. Incidentally, it has been shown that when a patient has been 
operated on because of symptoms and physical findings diagnostic of 
acute or subacute appendicitis and, instead, one of the types of chronic 
appendicitis (or adhesions or fecaliths without inflammation) is found, 
the expectation of a permanent cure is excellent. Ordinarily the surgeon 
lists these as mistaken diagnoses, but the figures as to the marked 
increase of the incidences of inflammatory changes above those when 
no symptoms had been attributed to the appendix and the high per- 
centages of follow-up cures found in this study would indicate that 
the surgeon under such circumstances has benefited the patient almost 
as much as though acute appendicitis had been found. 

One must bear in mind that before operating on any patient for 
chronic appendicitis because of the conclusions arrived at in this paper, 
the utmost in diagnostic acumen must be exercised in ruling out all 
conditions which give a picture simulating that presented b 3 '' chronic 
appendicitis. The question of differential diagnosis was outside the 
limitations of this paper and can be considered only after one has estab- 
lished the fact that there is definitely such a clinical entity, as chronic 
appendicitis. 

The pathologic examinations of all the appendixes in this and the preceding 
study were made by Dr. Leila C. Knox. 

182 East Seventy-Ninth Street. 
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OSTEOPERIOSTITIS ALBUMINOSA OLLIER 
JOSEPH R. KUTH, M.D. 

DULUTH, AIINN. 

Some years ago there came under my observation a case of super- 
ficial osseous destruction — osteoperiostitis — showing peculiar clinical 
and anatomic characteristics as well as diagnostic difficulties (case 1). 
During the winter of 1935 a second case presented itself, with a strik- 
ingly similar history, clinical course, roentgenographic appearance and 
pathologic condition (case 2). These were obviously cases of bony 
infection by attenuated organisms of low virulence (staphylococci). The 
infection was indolent from its beginning and at no time caused tlie 
usual local or general acute s 3 'mptoms. It was in manj' ways different 
from other acute and subacute forms of osseous infection, especially from 
those described by Brodie and Garre. Since these 2 cases were observed, 
2 others with similar characteristics have presented themselves. 

The condition corresponds to that described in medical literature as 
“osteoperiostitis albuminosa.” It is not mentioned in the usual standard 
works on surgery or pathology, and reference is made to it only occa- 
sionally in the general American literature. Even then it is chiefly 
noticed in connection with the etiology of bon)' cysts. For years it lias 
claimed the lively interest of French and German observers. Ollier 
was the first to note the condition (1864), and at his behest a second 
case was reported by his pupil Poncet ^ in 1874. Since that time 
accounts of new cases have slowly trickled into the general literature, 
so that the reported cases now number around 66. The first report of 
an American case was made by Dupuis ” in 1889. The only other cases 
reported in the American literature are those reviewed by Pickrell and 
Schmidt ^ in 1910 and Hartwell in 1911. Most writers, even the most 
recent, have stressed the rarity of the condition. During the past seventy 
years the clinical picture of the disease has come to be well defined in 

1. Poncet, M. A.; De la periostite albumineuse, Gaz. hebd. de med. 11 : 133 
(Feb.); 179 (March) 1874. 

2. Dupuis, T. R. : A Case of Periostitis Albuminosa of Ollier, Canada Lancet 
21:357 (Aug.) 1889. 

3. Pickrell, G., and Schmidt, L. M. : Chronic Nonsuppurative Osteoplastic 
Periostitis of Traumatic Origin, U. S. Nav. M. Bull. 4:1 (Jan.) 1910. 

4. Hartwell, J. A.: Periostitis Albuminosa, Proc. New York Path. Soc. 10 : 
55, 1910-1911. 
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all its phases. It is essentially that of a localized, indolent swelling 
consisting of periosteal, subperiosteal, parosteal or intermuscular accu- 
mulations of clear, serous, stringy or mucoid exudate. This exudate 
often resembles the white of an egg or synovial fluid.® It has a high 
albumin content, is frequently encapsulated and on culture may show 
the presence of ordinary pus organisms (staphylococci). The usual 
symptoms of infection are absent. An analogue is a form of osseous 
cyst showing similar characteristics which because of its benign course 
may develop over years. 

REVIEW OF THE LITERATURE® 

In reviewing the available literature, I was able to trace 66 cases 
reported between 1864 and 1934. While this review was in preparation, 
allusion was made in the more recent literature to 4 or 5 other cases, 
but these have not been available for inclusion. In the reports of some 
cases maii)’^ data of importance are missing, but most of them are fairly 
complete in essentials. 

Incidence , — Of the reported cases in which sex was indicated, 51 
were those of men or boys and 10 of women or girls. In 4 cases the age 
was given as “young” ; in 2 it was not mentioned. Eight patients were 
in the first decade of life, 26 in the second, 12 in the thii'd, 9 in the 
fourth, 6 in the fifth. 3 in the sixth and 1 (a woman aged 79) in 
the eighth. The femur was involved in 33 cases (the distal end in 19, 
the middle third in 8 and the proximal end in 6), the tibia in 21 (the 
distal end in 8, the middle third in 2 and the proximal end in 9), 
the humerus in 5 (the distal end in 2 and the proximal end in 2), the 
ulna in 4 (the distal end in 1, the middle third in 1 and the proximal 
end in 2), the radius in 1, the phalanges of the fingers in 2, the ilium 
in 4, a rib in 1 and the skull in 1. There were 4 cases in each of which 
two bones were involved : femur and rib, femur and humerus, tibia and 
ulna, and tibia and humerus. 

Dwation. — The duration of symptoms previous to the time of obser- 
vation was noted as follows: from four days to one month in 12 cases, 
from one to two months in 9, from three months to one year in 13. from 
one to two years in 10, five years in 1 and from ten to twenty-nine 
years in 6. 

5. Poncet (1874) : “Une forme sp&iale de pen’ostite non decn'te jusqu’ici, 
caracterisee anatomiquement par I’accumulation sous le perioste et dans les couches 
periostales d’un liquide visqueux, analogue a la synovie. . . . Ajoutons la presence 
frequente pour certaines formes de gouttelettes de graisse en plus ou moins grande 
abondance, rappelant le bouillon gras. . . . le liquide n’est pas toujours visqueux, 
analogue i du Wane d’ceuf. Ollier a trouve une fois entre autres au femur 
un liquide sereux, non Want mais dair, avec quelques gouttelettes huileuscs." 

6 Miss Gladys Ramsey, librarian at the University of Wisconsin, aided in 
collecting for study the widely scattered sources. 
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The Exudate. — The disease was identified in the reported cases only 
after aspiration or incision. In 32 cases the fluid removed was described 
as serous and stringy (yellow, clear yellow, serous and purulent in 1 
each), in 11 as jelly-like, in 17 as serosanguineous (resembling jelly 
in 5 and purulent in 1), in 1 as resembling glycerine, in 2 as clear, 
and in 1 as milky white. Ollier ( 1874) pointed out that the fluid on 
standing tended to separate into three layers, a bottom layer consisting 
of broken clumps and flakes with red and white blood cells, a middle 
clear serous layer and a top layer of floating particles of fat. Riedinger ® 
(1887) observed mucin and albumin — a slimy, jelly-like fluid containing 
“animal gum” — and, microscopically, occasional white blood cells. 
Schlange ” (1887) reported albumin, paralbumin, metalbumin, phos- 
phates, carbonates and large amounts of sugar (with absence of sugar 
in the urine), fat and, microscopically, red and white blood cells with 
occasional fat celts. Schrank (1893) saw many fat globules and 
yellow flakes. Microscopically he noted clots of fibrin with red and white 
blood cells and many small droplets of fat and cells in fatty degeneration 
(F ettkbrnchenzellen) . 

Jacoby’-^ (1897) noted the presence of small gelatinous clumps. 
He recorded a chemical analysis of the characteristic exudate as follows : 
alkaline reaction ; water, 91.61 per cent, and solids, 8.39 per cent (nucleo- 
albumin, 0.87 per cent; serum albumin, 5.61 per cent; fat and extrac- 
tives, 0.98 per cent, and mineral salts, 0.93 per cent). He drew 
attention to the resemblance of the fluid to that found in hydrarthrosis. 
Rondot (1903) also compared the fluid to that of hydrarthrosis. He 
described it as follows: specific gravity, 1.026 (at 15 C.) ; albumin, 55 
Gm. per thousand cubic centimeters ; no fibrin but a few leukocytes and 
altered red blood cells. In a second case Rondot noted crystals of 
cholesterol, leukocytes and a few threads of fibrin; in another case he 
likened the exudate to the effusion of pleurisy. Scheidler^® (1910) in 
2 cases noted red and white blood cells, large cells with fatty degen- 
eration and many droplets of fat. HartwelM (1910) in 1 case noted 

7. Ollier, cited by Poncet.^ 

8. Riedinger, F. : Ueber Ganglion periosteale, in Festschrift, Albert von 
Kolliker zur Feier seines siebenzigsten Geburtstages, gewidment von seinen 
Schtilern, Leipzig, 1887. 

9. Schlange: Ueber einige seltenere Knochenaffectionen, Arch. f. klin. Chir. 
36:97, 1887. 

10. Schrank, W. : Periostitis albuminosa. Arch. f. klin. Chir. 46:724, 1893. 

11. Jacoby, E. : Ein Fall von Periostitis albuminosa, Inaug. Dissert., Bonn, Carl 
Georgi, 1897. 

12. Rondot, A. : La periostite albumineuse. Thesis, Lyon, no. 125, 1903. 

13. Scheidler, F.: Zur Periostitis albuminosa (Ollier), Beitr. z. klin. Chir. 68: 
480, 1910. 
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a clear yellow, thick, gelatinous exudate, rich in plasma cells ; in a case 
with similar exudate, he observed that the fluid contained “pus detritus.” 
He stated that the exudate is often free from cellular elements, contains 
a high percentage of protein, frequently up to 3 per cent, and often 
coagulates spontaneously. The tendency to coagulate apparently depends 
on the presence of leukocytes containing prothrombin. Burckhardt 
(1911), examining 2 liters of fluid in 1 case, observed that it separated 
into a light, serous part and a “vitreous” part containing tags and 
membrane. Mazzini (1932) and many observers before him likened 
the fluid to synovia. Stropeni (1933) described the fluid as amber 
colored, string)' and like the white of an egg. Moulonguet and Rousset 
(1934) noted in 1 case a sticky, “gluey” liquid (1 liter) with a reddish 
tint and many clots of fibrin. In a second case they saw only a few 
cubic centimeters of bloody liquid within a large, thick sac. Battle 
(1904) reported a fluid resembling milk. 

Bacteriologic Observations. — Schlange®' (1887), the first to report 
the results of bacterial examination of these exudates, obtained a growth 
of Staphylococcus aureus in 1 case and a negative culture in another. 
Negative cultures have been reported in 6 cases. Positive cultures have 
been reported as follows: Staph, aureus in 11 cases. Staphylococcus 
albus in 2 and Staphylococcus without further specification in 2. Lexer 
(1898) found streptococci in the case of a child 9 weeks old. Burck- 
hardt^^ (1911) observed in sections a small chain of three or four cocci 
but obtained no culture. Schrank^® (1893) in 1 case®® found many 

14. Burckhardt, J. L.; Zur Histologic der Periostitis und Ostitis albuminosa, 
Frankfurt Ztschr. f. Path. 8:91, 1911. 

15. Mazzini, 0. F.; Periostitis albuminosa, Bol. y trab. de la Soc. de cir. de 
Buenos Aires 16:164 (April) 1932. 

16. Stropeni, L.; Periostitis albuminosa. Boll, e mem. Soc. piemontese di chir. 
3:315 (March) 1933. 

17. Moulonguet, P., and Rousset, J.: Les absces ossifluents chroniques a 
staphylocoque (periostite albumineuse d’Ollier et Poncet), J. de chir. 44:161 
(Aug.) 1934. 

18. Battle, W. H. : The Diagnosis of Osteosarcoma of the Long Bones, Lancet 
2:582, 1904. 

19. Lexer, E. : Zur Kenntnis der streptokokken- und pneumokokken-Osteo- 
myelitis, Arch. f. klin. Chir. 57:884, 1898. 

20. His case 2, that of a boy 14 years of age with a previous history of typhoid 
fever and osteitis some years before. For six weeks swelling of the inner malleolus 
of the right tibia with abundant, bloody, serous, nontenacious fluid, containing 
small whitish yellow flakes and many fat globules. At operation a small area of 
the periosteum was seen to be destroyed, but the underlying bone was not necrotic. 
Destruction of the periosteum had left a small cavity, the walls of which were 
covered with soft golden yellow granulations. Low in the cavity a small fistula 
led to a small bony focus with an abscess containing creamy pus and a small 
sequestrum. This cavity also was lined with the yellow granulations (color 

plate, 24 ). 
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streptococci and an occasional staphylococcus, the latter predominating 
in the osteomyelitic pus. L. Doi-^ (1895) reported observing in a 
collection of parosteal serous fluid a polymorphous organism with colo- 
nies of lemon yellow, the consistency of wax, which slowly liquefied 
gelatin. He named it Bacillus cereus citreus. B}' intravenous injection 
of a pure culture of this organism into rabbits, he caused in 1 animal 
nonsuppurative infectious osteitis, which produced a large exostosis. 
In another animal he brought about typical periostitis albuminosa. 
Garre-* (1891) inoculated rabbits with staphylococci from a patient 
with periostitis albuminosa without producing ill effects. Inoculation 
with pus from ordinary osteom 3 Hitis,* on the other hand, caused the 
usual signs and lesions of the infection. It was necessary to use large 
amounts of fluid from periostitis albuminosa to obtain a culture of 
staphylococci. 

Mazzini (1932), in a t 3 'pical case of periostitis albuminosa, noted, 
on culture of the gelatinous, stringy, transparent fluid, a gram-positive 
diplococcus, which grew slowly. Inoculation with the culture produced 
no local lesion in a guinea pig. A second culture, made several weeks 
later, at the time of operation, showed no growth. A guinea pig inocu- 
lated with the exudate showed no lesion of any kind when killed after 
two months. Stropeni (1933) on inoculation of a rabbit with a cul- 
ture of Staph, albus made from the exudate in a case of periostitis 
albuminosa observed a chronic septicemia with man 3 ' abscesses. There 
was no local reaction ; a curdlike pus was noted, but no bon 3 ’’ lesions 
occurred. In some of the recorded cases, especiall 3 ’’ the earlier ones, 
reported by Lannelongue, Nicaise,-^ Rondot and others, there is a 
strong suspicion that the lesions w'ere tuberculous. Breuer*^ (1893) 
and Sleeswijk (1894) described cases in which the condition clinically 
resembled periostitis albuminosa but was generalized and undoubtedly 
tuberculous. In Sleeswijk’s case the tuberculous character of the S 3 nnp- 
toms was proved by inoculating the exudate into a rabbit. (Cases of 
Breuer, Sleeswijk and others in which the tuberculous nature of the 
disease was unquestioned are not included in the series here reviewed.) 

21. Dor, L. : Contribution a I’etude de la periostite albumineuse, des hyper- 
ostoses et des exostoses infectieuses, Arch. prov. de chir. 4:13, 1895. 

22. Garre, C. : Einige seltenere Erscheinungsformen der acuten, infektiosen 
Osteomyelitis, in Festschrift zum fiinfundzwanzigjahrigen Doktor- und Dozenten- 
Jubilaum von Theodor Kocher, Wiesbaden, 1891. 

23. Nicaise, cited by Bar, E. : De la pathogenie de la periostite albumineuse ou 
sereuse et d’un nouvel agent pathogene de cette affection. Thesis, Lyon, no. 1017, 
1894. 

24. Breuer, F. : Ueber sogenannte serose Abscesse, Inaug. Dissert., Berlin, 
Emil Ebering, 1893. 

25. Sleeswijk, R.: Ueber die sogenannte Periostitis albuminosa (Ollier), Inaug. 
Dissert. (Jena), Amsterdam, J. A. Sleeswijk, 1894. 
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Pathologic Process . — The earlier observers described the chief 
changes brought about by periostitis albuminosa as taking place in the 
periosteum. The collections of exudate have been reported as arising 
subperiosteally, intraperiosteally and extraperiosteally. They have been 
seen free in the soft tissues, with no definite encapsulation, and have 
been seen enclosed in a more or less definitely formed sac. At times 
the exudate is described as infiltrating the periosteum, muscles and 
fascia, changing these structures into a succulent, soggy mass {epanche- 
ment, Fliissigedurchtrdnkung) . Cases have been reported in which the 
exudate was associated with no demonstrable lesion of the neighboring 
bone. Other cases in which the periosteal changes and the exudate 
were secondary to osteitis and osteomyelitis are included in the litera- 
ture. The existence of two separate lesions in close proximity has 
occasionally been described.-® Schlange ® was the first to draw atten- 
tion to the association of the disease with osseous lesions, and because 
of these lesions he proposed the name “osteomyelitis non purulenta.” 
The color plate represents an attempt to classify and illustrate dia- 
grammatically the various pathologicoanatomic conditions as they are 
described in the available literature. In 57 cases the observations were 
made by incision, which was frequently preceded by aspiration. In 5 
cases only was aspiration alone done — Takvorian (1878), Perrier 
(1883), Rondot^- (1903, case 1), Scheidler (1910, case 2) and 
Stuparich -® (1902). In 3 reports there was no note as to aspiration 
or incision. 

Cases of serous inflammation of a bone following an attack of sup- 
purative osteomyelitis in the same bone have been reported by Poncet ^ 
(case 3), Garre®® and Deutschlander.®" Donati ®® reported a case of 
periostitis albuminosa of a femur, which showed recovery after opera- 
tion and was followed a few years later by acute osteomyelitis of the 
same bone. Periostitis albuminosa in one bone with suppurative osteo- 
myelitis simultaneously in another bone of the same patient has been 
noted by Lipschitz ®® (1902) and Muhl ®® (1893). Rosenbach reported 
a case of periostitis albuminosa occurring simultaneously in a rib and a 
femur. Cases of periostitis or osteoperiostitis albuminosa in persons with 
a history of osteomyelitis have been reported by Hartwell,^ Stropeni 
and Moulonguet and Rousset.^' A history of typhoid infection was 

26 Stuparich: Ein Fall von Periostitis albuminosa, ^^'^ien. med. Presse 43: 
411, 1902. 

27. Deutschlander: Ostitis albuminosa, IMunchen. nied. Wchnsclir. 8:o/9, 190o. 

28. Donati, cited by Stropeni.’o 

29 Lipschitz, R. : Zur Kenntnis der Periostitis albuminosa, Inaug. Dissert. 

(Freiburg), Berlin, M. Liebmann, 1902, ... . 

30 Mulil A • Ueber Ostitis und Periostitis nonpurulenta (Periostitis 

albuminosa, Oilier), Inaug. Dissert., Bonn, E. He.vdorn. 1893. 
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given in the cases of Riedinger® (1887), Schrank (1893), Rondot^® 
(1903) and Hartwell.'* Schrank (1893) stated that when these lesions 
are associated there is never an organic connection between them. 

Formation of the Cyst and the Exudate . — The formation of cavities 
in the soft parts resulting from the characteristic accumulations of 
fluid in the older reported cases is onl}'' vaguely described. Lannelongue 
(1878) and Nicaise (1879), who had an opportunity to examine 
stumps left after amputation of tuberculous joints, reported the fluid 
as being contained in small cavities within the thickened periosteum. 
Riedinger ® (1887) denied that the cysts described were true cysts in the 
anatomic sense and therefore suggested the name “ganglion periostale” 
or “parostale” for these saclike structures. Schlange ” (1887) described 
the accumulation of fluid as occurring in the following possible ways: 

1. The fluid gathers under the periosteum and lifts it from the bone. 
In this case the bone lies uncovered in the bottom of the cyst. 

2. The fluid gathers in the layers of the periosteum, breaks through 
their thin sheaths and develops in a cj'stic sac within the periosteum. 
In this case the bone is not exposed, but the periosteum will appear 
thin in the bottom of the cavity. 

3. The fluid is derived ab initio from the outer aspect of the peri- 
osteum, or a subperiosteal or endoperiosteal accumulation of fluid breaks 
through early. After this, presumably because of diminished local reac- 
tion in the tissue, a diffuse, edematous swelling ma)’^ form instead of a 
cyst. Especially likely to occur are the transudations (Fliissigedurch- 
trdnkitngen) of the outer periosteal layers or even of the nearby 
structures of muscle and connective tissue described in some cases. 

After the sac has once formed, its inner lining provides for its own 
persistence through its secretory activity, as this activity is at least as 
great as its resorptive powers. Mflien there is an encapsulated exudate, 
the sac adheres to the bone on one side only and to a vai'ying extent. 
Its walls have no definite boundaries and without macroscopic textural 
changes pass into the thickened periosteum. The thickness of the wall 
of the sac may reach several centimeters. On its exterior surface it is 
not sharply separated, but its fibrous tissues lose themselves in the sur- 
rounding perimysial and intermuscular connective tissues. Its inner 
wall is smooth and lined with a thin, veil-like la3^er of brownish red 
granulation tissue. The cavity need not be globular or ovoid but may 
assume complicated forms. 

Lipschitz (1902) also assumed the occurrence of a direct serous 
exudate from the abscessed membrane.' In the beginning a small amount 
of pus is formed. This process is "rapidly depressed, either because the 
cocci are weak in virulence or numbers and therefore impeded in their 
further development or because the formation of pus encounters resist 
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ing tissues. From this point on, there is no further wandering out of 
leukocytes but rather a transudation of serum. Scheidler (1910) in 
speaking of cysts with smooth bone exposed, without periosteal cover- 
ing beneath them, stated that these cysts result from periosteal pro- 
liferation and inflammatory reaction in the surrounding tissues. If 
periosteal proliferation does not keep pace with the increase of fluid, 
the fluid breaks through into the surrounding tissue, which reacts to the 
irritation thus produced. Eventually the periosteum reattaches itself to 
the bone, and the original osseous focus heals. A similar picture is seen 
when the fluid escapes from a layer of the periosteum. The lesion then 
heals, leaving a cavity at its bottom lined with proliferated periosteum 
and connective tissue. 

Mazzini and Brachetto-Brian (1933) expressed the opinion that 
permanent hyperemia and an added perivascular inflammatory exudative 
process in the layers of the periosteum cause a transudate of plasma. 
This collects in the layers of the traumatized periosteum. In many 
reported cases since Schlange’s first more detailed exposition, the sac 
has been described as thick — up to 3 cm. or more. The anatomic obser- 
vations suggest possible formative processes as outlined by him and 
others, including Burckhardt (1911) and Stropeni (1933). Stropeni 
described the sac as thick, with an inner capsule lined with granulations. 
Moulonguet and Rousset ( 1934) noted a thick sac the size of a kid- 
ney, the outer surface of which was smooth and regular. When it was 
opened it disclosed a limited cardty with a red, fungoid lining, which 
contained fibrinous clots and a few cubic centimeters of bloody liquid 
but no pus. Staph, aureus was obtained on culture. 

Histologic Picture . — In the first reported histologic examination in 
a case of periostitis albuminosa (1878), Lannelongue observed that the 
periosteum covering the bone rvas thin but showed no change in its 
texture. Schlange ® (1887) saw giant cells in the sac, and “further 
examination of the wall of the cyst showed a firm, cell-poor fibrous 
tissue, while the brown inner layer consisted of granulation tissue.” 
Schrank’^® (1893) noted thickening of the periosteum, which involved, 
to some extent, both layers and which was due to hyperplasia. Near 
vessels were observed larger foci of round cells ; the fibrillar connective 
tissue was distended with fluid. Battle (1904) reported granulation 
tissue viewed microscopically and stated that there was no pus. Pickrell 
and Schmidt® (1910) expressed great doubt as to the micropathologic 
condition, remarking that the microscopic picture is hardly distinguish- 
able from that of sarcoma. Sections in 2 cases “indicate fibro-chondro- 
osteoma.” Hartwell ■* (1910) noted chronic inflammatorr’ changes. 

31. Mazzini, O. F., and Brachetto-Brian. D.; Periostitjs albuminosa. Eol. y 
trab. de la Soc. de dr. de Buenos Aires 17:13 (April) 1933. 
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Burckhardt (1911) was the first to give a detailed histologic study 
and review of the condition up to his own time. In the case reported 
by him, the microscopic examination showed subacute to chronic inflam- 
mation. 

We find a poorly vascularized granulation tissue, which, so to speak, consisted 
only of normal and degenerated (fatty) plasma cells. Among these one sees some 
small foci of leukocytes but nowhere formation of abscess. Very striking, how- 
ever, was the fatty degeneration and the formation of tissue, in places, from cells 
which conformed to those described as granular fat spheres (Fcttkdniclicnkuglen) 
but were devoid of fibrillar supporting substance. Aside from the fatty degenera- 
tion, we find rarely another transformation of plasma cells, namely, the formation 
of Russell bodies. . . . We wish to emphasize that we found these bodies only in 
plasma cells and that in this case there could be no thought of their origin from red 
blood cells. These observations conform to those described as made on pathologic 
granulation tissue — “sequestral granulations.” The microscopic characteristics, 
as contrasted with those of normal granulations in wounds, are especially the large 
fluid content, the lack of polynuclear leukocytes and fibrin and finally the fatty 
degeneration of the cells. 

Burckhardt reported seeing some giant cells also. 

In the case described by Mazzini and Brachetto-Brian (1933) the 
cavity was lined with pale fibrous tissue, which continued to the peri- 
osteum and its normal limits. In the bottom of the cavity the tibia, in 
a denuded area, was covered with a delicate layer of granulation tissue. 
The external layer of a portion of the periosteum removed for exami- 
nation was formed of loose connective tissue, with cells, dilated vessels 
and moderate exudative inflammation about the vessels (polymorpho- 
nuclears and lymphocytes). The internal layer consisted of a myxoma- 
tous structure containing many small vessels and dilated capillaries. 
Adhering to its superficial surface was albuminous, homogeneous and 
amorphous matter with the appearance of colloid. In the myxomatous 
tissue were small areas of “osteogenesis directa.” There were noted 
two processes, a hyaline degeneration of the connective tissue and an 
exudative inflammation about the vessels, occupying the distinct layers. 
In the vessels were seen deposits of yellow pigment. Stropeni (1933) 
described the thickened sac as containing granulation tissue and infil- 
trated with plasma cells. Moulonguet and Rousset (1934) stated that 
the wall of the sac is a pyogenic membrane infiltrated with polymorpho- 
nuclear leukocytes, i. e., an infective granuloma. 

Ganglion . — Many of these cystlike formations, especially those near 
joints, strikingly resemble true cystlike extensions from neighboring 
synovial structures. Therefore, some have questioned their origin from 
lesions of periostitis albuminosa. Thus, Jacoby ( 1897) expressed a 
suspicion that Riedinger ® and Schreiber were dealing with diver- 

32. Schreiber: Ganglion periostate, Miinchen. med. Wchnschr. 40:778 (Oct.) 
1887. 
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ticula from a joint capsule. Plenz (1929) under the title "Hygroma 
Migrans?” detailed a case of a cyst along the anterior aspect of the 
tibia which produced superficial bony spicules on that bone. He was 
able to follow the growth up to (but not into) a joint and decided it 
was a hygroma. He also expressed a strong suspicion that some cases 
reported in the literature as periostitis albuminosa were, in reality, 
instances of hygroma. His investigations showed that the contents of 
the sac may speak for hygroma, as well as for periostitis albuminosa. 
Gelatin always speaks for hygroma, even if from its location it does not 
appear to be associated with a bursa. 

Trauma . — The incidence of trauma and the part it plays in the 
causation and production of periostitis or osteoperiostitis albuminosa 
have been variously reported and interpreted in this series of cases. 
Of the cases in wliich trauma was mentioned in the histories, it was 
noted as absent in 32 and present in 16. Pickrell and Scbmidt ® (1910) 
expressed the opinion that in the 3 cases reported by them the condition 
was traumatic in origin and noninfectious. They stated that the inflam- 
mation may be produced by a single severe blow over a bone or by a 
crushing injury to the periosteum. In the young it may be produced 
by a compressive force applied to the ends of a bone, springing the bone, 
with resulting detachment of a small area of periosteum. Likewise 
repeated slight injuries to an exposed bone may produce chronic peri- 
ostitis. Reh (1922) referred to a case reported by Heineman of non- 
infective post-traumatic periostitis and added that similar changes may 
occur after injury in old hematomas. He expressed a doubt that sucii 
a process could be classed as periostitis albuminosa Ollier. Injury, how- 
ever, according to Reh, is an important factor in periostitis albuminosa. 
Without local damage, primary periostitis, he stated, is unthinkable 
except on the assumption of an anomaly of blood supply or other dis- 
turbance of nutrition through toxic or chemical influences. Mazzini and 
Brachetto-Brian (1933) based a diagnosis of periostitis albuminosa 
traumatica on a history of trauma, a sterile culture and the results of 
microscopic examination of the sac. They pointed out that trauma 
pi'oduces a permanent hyperemia of the whole vascular system of the 
periosteum. To this is added a perivascular inflammatory exudative 
process, and abundant new capillary vessels are formed in the inner 
layers of the periosteum. The permanent local congestion causes a 
transudate of plasma, which by and by collects in the la.vcrs of the 
traumatized periosteum. 

33. Plenz, P. G. : Periostitis albuminosa oder Hygroma “migraiis”? Zentrnlbl. 
f. Chir. 31:1947 (Aug.) 1929. 

34. Reh, H. : Periostitis infectiosa (P. rheumatica), Deut.sche Ztschr. i. Chir. 
169 : 168 , 1922. 
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The Injection . — Some of the earlier writers, among them Perrier 
(1883), Duplay (1880) and Roser®® (1887), assumed a rheumatic 
diathesis as the underlying cause of periostitis albuminosa. This assump- 
tion was probably based on the resemblance of the fluid to the exudate 
of a joint and the previous or associated occurrence of acute or sub- 
acute rheumatic polj'arthritis. Most writers, especially those whose 
reports have appeared since that of Schlange, have admitted the infec- 
tious character of periostitis albuminosa, which Pickrell and Schmidt® 
and Mazzini,^® among the more recent writers, have denied. Most 
writers have attributed the infection to the ordinary pus organisms, 
namely the staphylococcus and the streptococcus, and much speculative 
attention is given to the seat of the primary focus of the infection. 

Seat of the Lesion . — Periostitis albuminosa was first described, by 
Ollier and Poncet,’^ as a purely periosteal lesion. Lannelongue, who 
examined the condition in an amputated limb, observed no bony lesion. 
Ollier expressed tlie thought that in most of the earlier cases the dis- 
ease was chronic from the beginning but stated the assumption that it 
may begin acutely with pain and fever. In cases of tlie latter descrip- 
tion the acute symptoms subside in a short time, to be followed by a 
chronic course. Cartuffe (1883) proposed the name “periostitis exu- 
dativa,” “. . . showing that this disease is not osteomyelitis, although 

we do not know but that the former disease might under certain cir- 
cumstances lead up to the latter.” Hartwell* (1910) said his cases 
demonstrated that periostitis albuminosa is not a specific disease but 
the expression of irritation of the periosteum by an infecting organism 
of low grade virulence. Such an organism produces the characteristic 
albuminous exudate I'ather than pus. He added that it is not known 
why this is so. 

Schlange® (1887) expressed the opinion that in these cases the 
germ of osteomyelitis may be present in smaller amounts or in an 
attenuated phase or attack a person less predisposed. In short, condi- 
tions are unfavorable for the production of a more intense inflammation 
and the disease, therefore, is subacute from the beginning. On the other 
hand, the inflammation may be more active in the beginning but, because 
of early encapsulation, be hindered in its full activity. This view sug- 
gests only a difference of degree between the purulent and the non- 
purulent form of osteomyelitis. Jaksch (1890), Schrank*® (1893), 

35. Duplay, M. : Perioste externe rhumatismale (periostite albumineuse 
d’OlIier), Arch. gen. de med. 146:728, 1880. 

36. Roser, W. : Zur Lehre von der Periostitis albuminosa, Zentralbl. f. Chir. 
14:929 (Dec.) 1887. 

37. Cartuffe, cited by Dupuis.^ 

38. laksch, R. : Zur Lehre von der Periostitis albuminosa, Wien. med. Wchn- 
schr. 49:2097 (Dec.) 1890. 
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Ehrich (1896), Lexer (1898), Lipschitz (1902), Deutschlancler =" 
(1905), Reh (1922), Stropeni (1933) and Moulonguet and Rous- 
set (1934) all expressed more or less agreement with Schlange. 
They stated the assumption that the primary lesion originates in the 
periosteum, below the periosteum, in the cortex or in the medullar cavity. 
The primary seat of the infection is obviously difficult to determine, as 
exposure of bone or a cortical lesion does not prove that the bone was 
primarily affected. Likewise, an apparently intact periosteal covering 
does not necessarily speak for a nonosseous origin of the lesion. A study 
of the color plate suggests the presence of various possible primary foci 
in the available recorded cases- Moulonguet and Rousset (1934) 
described their cases as an attenuated form of osteontyelitis and sug- 
gested the term “forme fruste.” They quoted Lecine and Leriche as 
declaring the condition to be cortical osteitis, very superficial and highly 
localized. 

Tuberculosis . — Roser (1887) expressed a suspicion that in some 
of the earlier cases described as instances of periostitis albuminosa the 
condition was really tuberculous, as in those of Nicaise and Lan- 
nelongue. He stated the belief, however, that cases of tuberculous 
periostitis occur in which the exudate is watery or watery-purulent. 
Legiehn^" (1890) expressed the opinion that in 2 of the 15 cases 
reported up to his time the condition was tuberculous. The cases of 
Breuer (1893) and Sleeswijk (1894) were obvious cases of gen- 
eralized tuberculosis. Rondot (1903) reported the condition in his 
third case as periostitis albuminosa in a hip which had previously been 
the seat of tuberculosis. Riedel made the following annotation at the 
end of Sleeswijk’s thesis ; 

It is well known that osteal or periosteal tuberculosis may cause a serous 
exudate — it is very probable that many earlier cases described as periostitis albu- 
minosa may have been tuberculosis. In general it will be held that “osteitis and 
periostitis albuminosa” are the result of an attenuated staphylococcic, streptococcic 
or other infection. If one were to include tuberculosis as an etiologic factor, one 
would call the condition "osteitis or periostitis albuminosa tuberculosa.” 

Most writers, especially the more recent ones, have stressed the impor- 
tance of considering tuberculosis in the diagnosis of tliese conditions. 
Moulonguet and Rousset (1934) tvarned that “cold abscesses are 
not all tuberculous.” In 1 of their cases, the nontuberculous character 
of the disease was established after the patient had been for years under 
treatment (mistakenly) for a tuberculous disease of the hip. Roscr^® 

39. Ehrich, E.: Ueber latcnte Eiterherde im Knochen, Miinchen. mcd. Wclni- 
schr. 43:693 (July) 1896. 

40. Legiehn, F.: Ueber die sogenanntc Periostitis und Ostitis albuminosa 
(Ollier), nebst Mittheilung zweier Krankengeschichten, Inaug. Dissert.. Kdnigsberg, 

M. Liedtke, 1890. 
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Explanation of Colok Plate 

a represents a cross section of a long bone (black) ; a bulge in this outline 
(as in 25) represents cortical thickening of the bone; roughening of the cortical 
surface and formation of cavities with and without sequestrums are indicated by 
special markings ; in 37 the diagrammatic representation is relatively larger to 
convey the idea of an enlarged bone with cortical thinning and a central cyst, b 
represents periosteum (red), c represents the soft parts surrounding bone. 
d represents the cystic accumulation (green) in the soft parts or within the bone. 

The numbers under diagrammatic figures 1 to 37 represent the various types of 
lesions as described in the literature as follows : 

1. Bar, Rondot (case 6), Scheidler (case 1), Hartwell (case 3). 2. Duplay. 
3. Moulonguet and Rousset (case 1). 4. Lannelongue (cases 1 and 2), Rosenbach, 
Perrier. 5. Rondot (case 4), Roser. 6. Mazzini, Cazin. 7. Jacoby, Legiehn 
(case 1). 8. Hartwell (case 2). 9. Riedinger, Nicaise, Stropeni, Schreiber, Poncet 
(case 3). 10. Poncet (case 2). 11. Lipschitz. 12. Moulonguet and Rousset 

(case 2). 13. Hartwell (case 3), Lecine and Leriche. 14. Schlange (case 2), 
Scheidler (case 2). 15. Jaksch. 16. Kuth (case 2). 17. Mennen. 18. Muhl. 19. 
Czerny. 20. Schrank (case 1). 21. Ollier. 22. Savariaud. 23. Schlange (case 1). 
24. Schrank (case 2). 25. Albert. 26. Terrier. 27. Dupuis. 28. Hartwell (case 1), 
Pickrell and Schmidt (cases 1 and 2). 29. Reviglio. 30. Riedel. 31. Burckhardt, 
Battle. 32. Schlange (case 3). 33. Legiehn (case 2), Beekenkamp. 34. Lexer. 
35. Deutschliinder, Garre. 36. Schlange (cj'st). 37. Ehrich (cyst). 

The diagrammatic sketch in the lower right corner represents the finger in 
case 4, showing the site of the lesion and the sinus (green). 
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(1887) took issue with Riedinger and Schlange, maintaining that the 
condition (periostitis albuminosa) as described is not a clinical entity. 
Schrank^® (1893) expressed the thought that in the reported cases it 
did not present a uniform, sharply defined clinical picture. If the cases 
were to be regarded as instances of a single disease, he stated, the limits 
of the definition would have to be widened considerably. Sleeswijk-® 
(1894) pointed also to the difference in opinion regarding the seat of 
the disease, the nature of the exudate and its causation. 

. Origin and Character of the Exudate . — Since Poncet’s first publica- 
tion, much interest has been shown and much speculation indulged in 
relative to the origin of the peculiar exudate. Ollier stated the assump- 
tion that the fluid arises from either the bone or the periosteum. 
Duplay®® (1880) expressed the opinion that the serous exudate is the 
first stage of e\'ery inflammation; in this case the inflammation remains 
in that stage, not going on to suppuration. This exudate may originate 
outside and independent of the periosteum, and is due to a rheumatic 
diathesis. Riedinger® (1887) stated the thought that under certain 
conditions the periosteum can put forth a product as tendon sheaths 
put forth ganglions. He saw the same chemical characteristics in the 
fluid of the ganglions produced by the tendon sheaths as in the accumu- 
lated fluids of periostitis albuminosa. He expressed the opinion that 
periostitis does not represent an inflammation in the ordinary sense of 
the term. It consists rather of a perspiring (Ausscinvitsung) of fluid 
from the involved soft tissues. 

Schlange® (1887) stated his assumption that the fluid originates 
from an osseous lesion. He expressed the opinion that periostitis 
albuminosa is not the result of chronic and persistent osteomyelitis in the 
sense that the peculiar fluid is a modification of an osteomyelitic abscess. 
That is, it is not the product of a gradual change of pus into serum. 
Against this is the observation of serous fluid early in the course of the 
disorder and the lack of foundation in patholog)^ for such a supposition. 
He stated the belief that the characteristic exudate is due to the organ- 
isms of suppurative osteomyelitis, which are present in small numbers 
in a phase of diminished virulence. For these reasons, lie said, or 
because of the lessened susceptibility of the person attacked, they do not 
form ordinary pus. 

Vallert^’^ (1890) stated that the exudates are due to abscesses which 
have originally a purulent content but gradually undergo a mucoid meta- 
morphosis. Breuer®^ (1893) e.xpresscd his feeling that the occurrence 

41 Vallert J : Ueber die sogenannte Periostitis albuminosa nacli Erfahrungen 
aus der chirurgiseben Klinik zu Halle. Saniml. klin. Vortr.. no. 351, 1890 tCbir. 
no no 3355-3372) : cited by Kaufmann, E.: Lehrbuch der speziellen iwtlwl- 
ogischen diatomic, ed. 6. Berlin. Georg Reimer. 1911, vol. 2. p. 689. 
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of fat, calcium and phosphates speaks for an osseous origin of the fluid. 
The exudate can, however, develop independently from the walls of the 
cyst. Lipschitz (1902) said that the fluid is derived as a direct serous 
exudate from the membrane of the abscess. In the beginning a small 
amount of pus is formed, a process which is rapidly depressed, with no 
further wandering out of leukocytes but with more transudation of 
serum. Whether the mucoid character of the exudate is due to degenera- 
tion of elements in the wall of the abscess or, as Vallert would have it, 
to a mucoid metamorphosis of the original pus is undecided. Garre,“ in 
support of Vallert’s theory, offered his observation of a case in which the 
first aspiration showed pus and eight weeks later, on incision, mucoid 
exudate was found. Pie stated the belief that pus can be so thinned by a 
transudate of serum or hunph as to give rise to a rapid increase in the 
swqllings. In a case reported by Jacoby “ (1897) in which a culture of 
Staph, aureus was obtained the t 3 'pical serous exudate became purulent 
a few days after incision for drainage. MnhP® (1893), Ehrich^” 
(1896), Lexer (1898) and Plartwell * (1910) offered no explanation 
of the formation of the exudate. Schrank (1893) supported Schlange 
and expressed the thought that the exudate arises from a degenerative 
process of the granulations rather than from a fatty or mucoid degenera- 
tion of the pus. 

Burckhardt (1911), confirming the microscopic observations of 
Schlange and others, stated that the phenomena which they observed 
conform to those described by Reinbach as pathologic granulation 
tissue (Scquestci'gi'aiiulationen). Reinbach pointed out a form of 
inflammation on the surface of the body in which the amount of serous 
exudate is many times that of granulation in healthy wounds. In the 
exudate of such inflammations, he said, the newly formed cells “swim. ’ 
The cause of this process lies in the fact that the inflammatory stimulus 
is not strong enough to call forth a sufificient proliferation of tissue. The 
leukocytes, therefore, cannot be lured on (angelockt werden) by the 
stimulating agent of the inflatnmation. The formation of the exudate 
may be explained by an abnormal permeability of the walls of the 
vessel or, per contra, by an activity of their cells. The first explana- 
tion can, according to Burckhardt, be drawn to the support of his case 
in view of the fatty degeneration of the endothelial structures. Kocher 
and Tavel said that the serous exudate results from fatty degeneration 
of granulation tissue. Aschoff stated his feeling that periostitis albumi- 
nosa follows periostitis purulenta, in which granulation tissue secretes 

42. Reinbach : Untersuchungen fiber den Bau verscbiedener Arten von mensch- 
lichen Wundgranulationen, Beitr. z. path. Anat. u. z. allg. Path. 30:102, 1901. 

43. Kocher and Tavel, cited by Kaufmann, E. : Lehrbuch der speziellen path- 
ologischen Anatomic, ed. 6, Berlin, Georg Reimer, 1911, vol. 2, p. 689. 

44. Aschoff, cited by Reh.®^ 
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serous fluid. Reh (1922) expressed his inclination to Vallert’s view; 
he stated the belief that no primary periostitis albuminosa, as such, exists. 
Stropeni (1933) expressed his acceptance of Vallert’s view as to the 
origin of the fluid. Mazzini and Brachetto-Brian (1933), as noted 
in the section entitled “Trauma,” attributed the formation of fluid to 
permanent hyperemia of the vascular system of the periosteum and to 
perivascular inflammation. 

Breuer (1893) and Sleeswij’k (1894) drew attention to the 
change of the fluid in tuberculous abscesses from a purulent to a mucoid 
form after repeated injections of iodoform and glycerin. Thereby they 
suggested the possibility of similar changes in the exudates here in 
question. Scheidler^® (1910) quoted Henle, who stated the belief that 
pus will be transformed to a serous exudate only as a result of treatment, 
such as repeated aspirations or injections. Scheidler further stated that 
there exist no reported observations of a case in which serous abscesses 
were associated with tuberculosis. The origin of the fat seen in many 
of the exudates was attributed by Ollier’' (1874), Schlange ” (1887), 
Roser (1887), Muhl (1893) and others to the bone (marrow). 
Schrank^® (1893), Burckhardt “ (1911), Kocher and TaA^eV® on the 
other hand, attributed it to fatty degeneration of the granulation tissue. 
The question, therefore, has been : Is the exudate serous from the begin- 
ning, or is it changed pus ? Can the usual pus organisms under certain 
conditions produce a serous exudate or not? 

Roentgenogi-aphic Examination. — Rondot (1903) was the first to 
record the use of roentgen rays in the diagnosis of this condition. The 
roentgenogram, however, was too poor to be of use. Battle ( 1904) , 
with the aid of roentgen rays, was able to determine an infectious 
periosteal thickening and differentiate it from malignant osseous tumor. 
Deutschlander (1905) in a case of osteomyelitis albuminosa following 
open fracture of a bone observed typical osteomyelitic foci roentgen- 
ologically in the medullar cavity. Scheidler (1910) pointed out that 
the roentgen examination may reveal the type of lesion and indicate 
what extent of surgical intervention is desirable. He indicated that 
because of excessive fluid or great thickening of the wall of the cyst the 
roentgenogram maj^' appear poor. The plates sho\v the extent of the 
fluid in the soft parts, but for better bony detail it should be aspirated 
and the roentgen examination repeated. In 1 of his reported cases the 
roentgenogram showed thickening of the cortex over the inner and outer 
aspects of the bone and extensive shadow of the soft part. A depression 
in the upper third of the femur was seen only after evacuation of the 
fluid, but there was no lesion in tlie medullar cavity. In a second case, 
there was noted a localized bony focus near the upper epiphysis of the 
humerus, leading to an area of destruction in the head of the bone as 
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well as to a lesion near the epiphysis of the acromion. Here again he 
pointed out the distinct difference in the roentgenograms taken before 
and after aspiration. Pickrell and Schmidt “ (1910) in 3 reported' 
cases noted on roentgen examination a marked bony proliferation, in 1 
case “resembling myositis ossificans” and in another presenting a fusi- 
form shadow. 

In Hartwell’s case * (1910) the roentgenograms suggested tumor. 
Burckhardt *■* (1911) observed in the distal end of a femur, reaching 
to the middle of the bone, a superficial proliferation 2 to 3 mm. in 
thickness, casting a definite shadow. The compact part of the distal 
end of the bone was noticeably smaller and showed toward .the medullar 
cavity an irregular contour. The medullar cavity presented , a turbid 
shadow, which in ])laces was not sharply separated from the compact 
bone. Mazzini (1932) reported negative results from roentgen 
examinations. Stropeni *“ (1933) in a case of involvement of the skull 
reported the roentgenogram as showing j:^rfect integrity of the frontal 
bone. He quoted Revigilio, who in roentgenologic studies found areas 
of rarefaction in trabeculae, due to demineralization, which produced 
in the roentgenogram an almost homogeneous appearance of the bone. 
The trabeculae were smaller than those of normal bone, and periosteal 
hyperactivity with irregular calcification was noted. Revigilio stated 
also that if macroscopic e.xamination of the bone shows periosteal 
involvement, the lesion, even though not evident, is nevertheless primary 
in the bone as attenuated osteomyelitis without destruction. Moulonguet 
and Rousset (1934) in roentgenograms taken in 1 case saw an 
osteoph3fte on the ilium between the anterior inferior spine and the 
acetabulum. There was no bony atrophy, and the hip joint was 
apparently normal ; in a second case thej^ noted lamillaty osteitis of the 
ilium above the acetabulum. They stated that in general roentgen 
examination in cases of periostitis albuminosa will show absence of 
decalcification and production of new bone. 

REPORT OF CASES 

The following cases are the personal observations to which reference 
was made in the introductory paragraph of this paper: 

Case 1. — Mrs. L. S., aged 36, was seen in November 1931, complaining of 
and soreness in the right calf, which she stated began about one year previously. 
The soreness was accompanied by a slight swelling of the right calf and cause ^ 
intermittent lameness. About two months before, a swelling began in the back ol 
the right knee (popliteal space), which was not painful or tender to touch or 
pressure but was gradually increasing. The familial and the personal history 
revealed nothing of interest. There was no history of injury, but the patient 
admitted falling frequently because of “weak ankles.” There was no history o 
infection, except that some years previously she had had what she thought was 
inflammatory rheumatism in the right knee and left ankle. 



KUTH— INFECTIONS OF BONE 


63 


Examination showed a well developed, well nourished woman with the appear- 
ance of good health and no abnormalities other than the swelling and lameness. 
The temperature was normal, the pulse rate 84 and the blood pressure 122 
systolic and 78 diastolic. The Wassermann reaction was reported negative. The 
right calf was slightly larger than, but otherwise no different from, the left. In 
the right popliteal space was noted a swelling about the size of a goose egg, firm 
but showing some resiliency on pressure, like a tightly filled cyst. The skin 
and soft tissues over this swelling appeared normal but possibly slightly warmer 
than the' surrounding tissues. Neurologic examination of the lower extremities 
showed no abnormality. A roentgenogram of the knee, made in two positions, 
showed only the shadows of the soft parts, with a small, irregular denser shadow 
in its outer limits in the lateral view (fig. 1). 



Fig. 1. — Roentgenogram made in case 1 (Mrs. L. S.). The arrow points to 
the sequestrum. 

It was assumed that the patient had a cyst or ganglion arising from synovial 
structures in or about the knee joint or possibly a malignant tumor. Thcreiorc, 
on November 19, the affected part was explored surgically by a longitudinal mid- 
popliteal incision. Under the superficial fat, a slightly oval tumor, measuring 
about by 4 inches (9 by 10 cm.), was exposed. It was moderately adherent 
to the surrounding soft structures and was grayish white over its external surface, 
with definite fluctuation. After it was freed by sharp and blunt dissection, the 
external popliteal nerve was seen to pass over the tumor and the large vessels to 
pass along its inner side. The capsule of the tumor was observed attached by 
dense scar tissue to the surrounding soft parts at its inner and distal surface and 
to the femur at its proximal end. Wltilc being removed, the tumor tcyst) broke, 
evacuating a large amount of clear brownish tluid, thick, sticky and re.-emb!ii;g 
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synovia. With the fluid, escaped a small, irregularly shaped piece of necrotic bone 
(sequestrum). The cyst was completely removed. No evidence of disease was 
seen in the exposed portion of the femur, where the sac had been intimately 
connected with the bone by denser scar tissue. 

Results of pathologic examination were reported by Dr. George Berdez, of St. 
Mary s Hospital : “Macroscopically the specimen is a sac-shaped structure, 
measuring 8 by 6.4 cm. The wall of the sac measures from 0.5 to 1.2 cm. in 
thickness and is formed of masses of scarlike fibrous tissue. Its internal surface 
is extremely congested and shows diffuse hemorrhages. At one of its extremities, 
its external surface shows a piece of striated muscle, which is involved in the mass 
of scarlike connective tissue. The sac still contains a small amount of hemor- 
rhagic, purulent material and a hard specimen of irregular shape, measuring 1 by 
1 by 0.3 cm., apparently formed by bony tissue. Microscopically the wall of the 
sac is seen to be formed of rather tough connective tissue. Its internal surface 
is lined with cellular granulation tissue, which is densely infiltrated with lympho- 
cytic, plasmatic and polymorphonuclear cells. In places there are diffuse hem- 
orrhages and deposits of hemosiderin. No tubercules are obser%-ed. Sections 
through the smaller piece of bone show that it is formed of irregular, thin, 
anastomosing bony trabeculae; the medullar spaces are filled with necrotic fibrous 
and adipose tissue." 

No bacterial examination was made. The wound healed by primary union, and 
the patient reported herself fully recovered in July 1936. 

Tills case is similar in practically all respects to a number of the 
recorded cases, resembling, especially in the location of the process, 
the cases of Revigilio,"*^ Savariaud and Mennen.'*® The location, in the 
popliteal space, suggests the possibility of hygr.omatous extension from 
the knee joint or the neighboring tendons or bursas. The entire inde- 
pendence of the process from the knee joint and bursal structures was 
demonstrated. The initial lesion was either a primary periostitis or 
primaiy cortical osteitis with separation of a small, flat sequestrum, 
followed by healing. Scar tissue was formed in the bone cortex and the 
periosteum and the fluid and sequestrum encapsuled. The symptoms 
appeared gradually and persisted for ten months before swelling was 
noticeable in the popliteal space. This suggests that most of the exudate 
accumulated during the latter two months, after the osseous or periosteal 
lesion healed and the sac separated from the original focus of infection 
(color plate, 17 ). The excess exudate would most likely be derived 
from the inner lining of the sac as a “secretion,” as has been suggested 
by Schlange® and others. (Schlange's view is discussed in the section 
entitled “Formation of the Cyst and the Exudate.”) It is probable 
likewise that the thickness of the sac and the tendon within it increased 
more rapidly during the latter two months. Whether the exudate was 
serous or purulent from the beginning cannot be determined in this case. 
Trauma does not appear to have been a factor. The infectiousness of the 

45. Revigilio, cited by Stropeni.i^® 

46. Mennen, W.; Zur kenntnis der Ostitis albuminosa, Inaug. Dissert., Jena, 

G. Neuenhahn, 1892. 
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disorder is evident from the histologic examination of the sac and the 
character of the sequestrum. The history of “inflammatory rheumatism” 
in the right knee and left ankle suggests a previous infection, which 
possibly caused the lesion in the distal end (metaphysis) of the femoral 
shaft. Had this subacute type of lesion in the cortical bone been in mind, 
the significance of the small shadow noted roentgenographicall}' in the 
soft parts might have been appreciated. In that case it is possible tliat 
the correct diagnosis could have been made preoperativel^^ 

The case of Mennen (1892) holds a considerable degree of interest 
in connection with case 1 hei'e reported : 

A woman aged 21 complained of gradual onset of mild pain during one and 
one-half years, with swelling in the right popliteal space of about the same dura- 
tion. Two aspirations preceded the incision, one fourteen or fifteen months after 
the onset and a second three or four months later. At the first aspiration there 
was a clear light fluid and at the second nearly a liter of yellow, transparent 
albuminous fluid. The latter was not stringy and contained small white particles 
which were seen microscopically to consist of fibrin with numerous white blood 
cells. Two weeks after the second aspiration, at the time of operation, the cyst 
had again filled to its original size with a clear yellow serum. At operation it was 
found to be impossible to remove the sac, because of surrounding dense adhesions, 
and treatment therefore was limited to simple incision and drainage. The walls 
of the sac measured from 1 to 1.5 cm. in thickness and were dense, with areas 
of localized thickening. Lying free in the sac, near the lateral condyle, was a 
sequestrum the size of a pea. No defect was noted in the bone, which was covered 
completely by periosteum (color plate, 17). The periosteum and also the whole 
inner wall of the sac were covered with soggy granulations of satin-like tc.xture. 
In this case, from the behavior of the exudate after each evacuation, it is evident 
that it was derived from the wall of the sac. 

Case 2. — L. L., a waitress, aged 19 and single, consulted Dr. W. C. Martin for 
disability of the left elbow and forearm following an accidental injury on N^ov. 30, 
1935. She stated that she struck the back of her left elbow against a bannister and 
that six days later a small swelling appeared over the front of the left forearm. 
The swelling was seen just distal to the bend of the elbow. She complained of 
soreness over the back of the left elbow at the distal end of the upper part of the 
arm and over the inner condyle of the humerus. There was also moderate sore- 
ness in a small swollen area on the flexor surface of the left forearm an inch or 
so distal to the elbow. I saw the patient on December 27. at which time examina- 
tion showed the swelling in the site described, the size of a large pecan. It was 
moderately firm, apparently movable and not attached to the muscles or tendons. 
The skin over the swelling was normal. Movements of the left upper extremity 
also were normal. Further examination showed the blood and the urine norma! 
and the Wassermann reaction negative. The reaction to the Mantoux test was 1 
plus. Roentgen examination on December 6 showed moderate swelling of the soft 
parts and a small, irregular shadow lying in the soft tissues anterior to the neck 
of the radius. The bone showed no obvious abnormalities (fig. 2). 

The patient was next seen on Jan. 24. 1936, at which time the swelling of the 
forearm \vas about the size of an orange atid shoved defimte flnclu.ation. 
roentgenogram, which had been made on January 21. showed the small sh.adcw 
previously noted occupying a position higher and farther from the h.ne (.fig. 3). 
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The patient had been able to continue her work up to this time but complained as 
before. At no time were there any constitutional symptoms of infection. The 
familial and the personal history revealed nothing of interest except a suppurative 
condition in the upper part of the right femur during the patient’s early child- 
hood. This condition left her with deformity and shortening of the right leg. The 
general examination showed no other abnormality. 

In view of the similarity of this case to case 1, a diagnosis of mild, subacute 
infectious osteoperiostitis was made, and on January 26 the swelling was incised 
and drained. Abundant clear,' thick, sticky yellow fluid with large and small 
fat globules floating on its surface, clots of fibrinous exudate and a small 
sequestrum were evacuated. The head and neck of the radius, palpable in the 
depths of the empty cavity, felt normal. No more satisfactory inspection was 
possible. The fibrinous clots had a striking lemon yellow tint. No definite sac 
was formed; the fluid appeared immediately below the deep fascia, apparently 
displacing the soft structures. A simple cigaret drain was inserted. 

A pathologic examination was reported by Dr. George Berdez, of St. Mary’s 
Hospital, as follows ; “lifacroscopically the specimen is a piece of bone, irregular 
in shape, measuring 1.4 by 0.5 by 0.15 cm., showing jagged edges and a rough 
surface. Microscopically it is seen to be formed of rather compact bony tissue, 
in which osteoblasts no longer stain. The edges of the bone are rough and 
irregular, showing signs of resorption. The tissue in the haversian canals is 
necrotic. A small amount of cellular connective tissue is still attached at one 
place to the surface of the specimen. Smears from the material show numerous 
polymorphonuclear ceils and a few gram-positive diplococci.” 

Culture made from the fluid showed a pure strain of Staph, albus. The subse- 
quent recovery was uneventful. The patient was apparently well in November 1936. 

Clinically this case resembled case 1 in the subacute course, the 
accumulation of characteristic exudate, the sequestration of cortical bone 
and especially the roentgenographic appearance. The disease was 
definitely attributed to trauma, although the trauma was not to the part 
where the lesion occurred. The case differs from case I in the prompter 
appearance and the more rapid increase of the swelling. The fluid 
also, unlike that in case 1, was free in the subcutaneous tissues, 
contained in a large cavity rvithout a definitely limiting wall. The condi- 
tion of the bone was determined by palpation only, and the observations, 
therefore, are not conclusive. As in case 1, the lesion was eitlier a 
primary periostitis or cortical osteitis with separation of a sequestrum, 
which was extruded into the exudate. Tlie site of sequestration in 
the weeks prior to incision may have been covered sufficiently with 
granulations or scar tissue to elude the palpating finger (color plate, 16). 
Another striking feature of this case was tlic observation of free-floating 
fat "lobules on the exudate and lemon vellow clots of fibrin, obviouslv 
representing fatty degeneration. The latter observation points to ilie 
clots, rather than to the bone, as the source of the fat in the exmlnte. 
The comparatively rapid accumulation of fluid suggests a primary serous 
exudate, but here also the character of the initial exudate nmsi be left 
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to conjecture. The cause of this infectious bony lesion ma}' have been 
the suppurative disease in the upper end of tlie right femur in early 
childhood. 

Case 3.— E. P., a woman aged 41, a teacher, was first seen on Sept. 10, 1936. 
She had a red, ridgelike swelling of the soft parts over the root of the nail in the 
left middle finger. The symptoms had begun about July 4, following a severe 
contusion of the end of the finger. From time to time, as the swelling became 
tense, there would occur a discharge of a clear, jelly-like fluid from the space 
between the nail and the covering soft parts. After the discharge the pain and 
soreness would disappear, only to recur as the same peculiar jelly-like fluid again 
collected. Ordinary local treatment did no good. On October 10 the patient 
received a therapeutic dose of roentgen radiation over the finger, and one week 
later the symptoms had nearly disappeared. Several similar treatments were given, 
but when the patient was next seen, on Jan. 9, 1937, the condition was as first 
seen, in the preceding September. The discharge of jelly-like fluid recurred as 
before, the pocket filling and emptying at weekly intervals. At this time a roughened 
groove was noted, extending longitudinally down the middle of the nail from the 
point where the exudate escaped. It was about Mo inch (0.16 cm.) in width. 
Roentgen examination of the finger on January 9 showed no obvious abnormalities 
of the bony structures of the involved phalanx. 

On January 16, the swelling avas incised and the soft parts lifted from the nail. 
Practically the whole root of the nail and the insertion of the tendon of the 
extensor muscle were thus exposed. The swelling at the time was, as usual, about 
the size of a pea and was tense, with redness of the soft parts. When the swelling 
was incised, a drop of the characteristic white jelly escaped. The root of the nail 
was seen to be loosened from its bed, and this portion of the nail was removed. A 
small, narrow, ridgelike area, just distal to the attachment of the tendon of the 
extensor muscle, was observed, covered with firm granulations. W'hen these were 
removed, a small, narrow line of bare bone rvas noted. The wound was left open 
and filled with petrolatum. The jelly-like exudate yielded a pure culture of Staph 
albus. On January 22, 2 cc. of a suspension made from the growth on gelatin 
was injected into the vein of the car of a 15 week old rabbit. This experiment 
will be discussed later. 

Case 4. — ^J. H., a man aged 42, an accountant, had sustained an injury to the 
end of the ring finger eighteen years previously. Subsequently the finger was 
somewhat sore but caused only slight annoyance. Six years before the time of 
this record, another injury to the end of the same finger caused it to become 
swollen, and since then the swelling had been variable. When the swelling 
reached its height, the patient by squeezing evacuated a light fluid, which he 
stated had been "crystal clear" since the beginning of the trouble six years before. 
He stated that the swelling generally reached its maximum in about two weeks 
atrd that the finger was not especially sore or tender until then. After evacuation 
of the fluid, the discomfort in the finger eased. On Sept. 20, 1936, the swelling 
was incised and curetted and the wound sutured. The attacks, however, recurre 
within ten days after this procedure. After that time the swelling had been 
punctured several times. A roentgenogram of the finger made on August 26 
showed no obvious abnormalities of the bony structures. 

When I saw the patient, on November 5, the end of the right ring finger 
presented a firm red swelling in the soft parts above the nail. At its dome was 
a small grayish white area of hard and horny epithelium, coinciding wit i t 
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location of the sinus, which was closed at that time. The nail appeared roughened, 
showing marked trophic disturbance. A small V-shaped portion of the root of the 
nail was exposed, because of scarring and contraction following the previous 
incisions. Besides these abnormalities, the distal joint of the fourth finger, as 
well as the distal joint of the index and little fingers, of the right hand showed 
Heberden’s nodes. Otherwise the fingers were normal in fuiiction and appearance. 

Three therapeutic exposures of roentgen rays were given without apparent 
effect on the process. On December 11, the whole indurated swollen area was 
excised, and the undermined, loose part of the nail was removed. The defect in 
the finger was filled with petrolatum and a simple dressing applied. After removal 
of the indurated tissues and the sinus, the latter was found to extend to a small 
exposed area of bone on the dorsum of the distal phalan.x. Just distal to this, 
the root of the nail was loosened from its bed (fig. 4 and diagram in lower right 
corner of color plate). Culture made from the exposed bone resulted in a growth 
of streptococci. 

Results of a pathologic examination were reported by Dr. George Berdez : 
“The specimen from the top of the swelling measures 1.1 by 0.6 by 0.3 cm. The 
upper surface is covered with a thin skin and shows a small irregular opening of a 
sinus. The deeper laj'ers of the specimen arc formed of a rather compact, scarlike 
fibrous tissue. A smaller specimen, received separately, measures 0.3 by 0.2 by 



Fig. 4. — Diagram of the finger in case 4, showing the area of denuded bone at A. 

0.2 cm. and is formed of red tissue of irregular shape. A third specimen is formed 
of a mass of fibrous tissue and measures 0.7 by 0.3 by 0.2 cm. There is also a 
piece of nail measuring 0.7 by 0.5 cm. and about 0.7 cm. in thickness. Micro- 
scopically the skin shows a horny layer of irregular thickness with signs of 
marked desquamation in places. This stratified squamous epithelial lining of the 
skin is fairly regular. The corium is rather fibrous and shows several small 
perivascular foci of cellular infiltration, with lymphocytic cells mainly. A few 
sweat glands, which arc included in the section examined, show a slight dilatation 
of their lumens. The smaller specimen received separately is formed by a mass 
of rather fibrous connective tissue, which is infiltrated with a few scattered 
lymphatic cells.” 

On Jan. 18, 1937, the initial dressing was removed and the wound noted to 
be completely healed. 

These 2 cases resemble closely a case reported by Edington ( IS9?'». 
that of a woman aged 79 with an indolent swelling of three momh<’ 
duration about the matrix of a finger nail. Incision produced a clear 

47. Edington. G. H. : Periostitis .albuniinosa. Brit. M. J. ((Ku. 21 i 

1S99. 
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gelatinous material “precisely like that of simple ganglion.” Examina- 
tion of the fluid showed the presence of mucin. Microscopic examination 
showed degenerative flattened cells and here and there cocci arranged 
in chains. Edinglon referred to the absence of bursas in these localities 
and in conclusion expressed the thought that this case must be added to 
the bibliography of periostitis albuminosa. No other cases similar to 
that of Edington and the 2 here reported have been found in the litera- 
ture. In case 4, the bone was bare and the root of the nail undermined, 
but the nail bed was intact. In case 3, a similar condition was noted, 
except that the small linear area of roughness was seen only after remov- 
ing firm granulations. In these cases (3 and 4) there can be no 
thought of a previous purulent exudate changed into a gelatinous one, 
as the exudate reformed immediately after its evacuation. In case 3 
there were noted in some of the terminal joints slight hypertrophic 
changes ; I-Ieberdcn’s nodes and sharpening of the margins of the joints 
were seen in the roentgenogram. In case 4 these changes were some- 
what more pronounced. M’hether the changes or the nearness of the 
lesions to a tendon, if not to a joint, played a part in determining the 
character of the exudate is left unanswered. Careful inspection at the 
time of incision showed no obvious direct connection with any structures 
except exposed bone. 

experiment in animal inoculation 

A 15 week old rabbit was inoculated through the vein of an ear with 2 cc. 
of emulsion from a three day growth on gelatin of staphylococci obtained in 
case 3. The animal remained well and was killed after fifteen days. Examination 
showed no gross visceral lesions suggesting pyogenic infection. Both femurs 
with their periosteum were removed and showed no gross evidence of infection. 
One femur was placed in an incubator and left for thirty-six hours. Tlie other 
femur was split longitudinally and the distal halves prepared in paraffin sections 
and stained by the Gram-Weigert method and bj' the use of hematoxylin and 
methylthionine chloride (methylene blue) and eosin. The first femur after thirty- 
six hours was treated similarly. Careful examination showed no cocci or 
demonstrable foci of infection in any part of the various specimens. Search was 
directed especially to the areas of the arteriovenous capillaries at the metaphyseal 
side of the epiphyseal cartilage. 

Lexer,'*® Hobo and Robertson,®'’ among others, have shown that 
staphylococci injected intravenously into young animals produce foci of 

48. Lexer, E. : (a) Die Entstehung entzundlicher Knochenherde und ihre 

Beziehung zu den Arterienverzweigungen der Knochen, Arch. f. klin. Chir. 71:1, 
1903; (b) General Surgery, New York, D. Appleton and Company, 1910, p- 236. 

49. Hobo, T. ; Zur Pathogenese der akuten haematogenen Osteomyelitis, Acta 
scliolae med. univ. imp, in Kioto 4:1, 1921. 

50. Robertson, D. E. ; Acute Haematogenous Osteomyelitis, J. Bone & Joint 
Surg. 9:8 (Jan.) 1927. 
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iiitVction ill llic .'•jinniry t'lui nf the (iiapliysis of a long hone, near the 
cpipliy.-is. According to Lexer.’''' 

li •'111 aitciuiatci! cisltiircs ot the yellow or wliitc staphylococcus arc injected 
tlk- .Ttuuial tetuains sick for a short lime, hut recovers. ].)uritut the course of the 
iichmss several h<>t jtainful •■wellin);*. develop u)vin mie or more lees, ntid ns the 
swclliin; of the soft ii-.--\!es ; iih'-hlc'. the thirkenimt of the hones, which after two 
or three weelo prcMUt all the patholoe.ical rhauees of chronic sui>purativc ostc- 
• nncliti'-, av it occui'- isi inait. heconu-v more disiinct. 

The negative re'-ttlt of aninial inoculation in case corresponds to the 
negative results iditained hy < Jarre {LS'.d), Sclieifller (1910) and 
Mazrini (19.'ii and ilenotes an organisni of low virnlenco. 'j'lie 
re.stilt.s ohiained hy Dm''' t I.^'daj and Stropeiii flP.vi) from animal 
iiiocnlatii!)! likewise jioint !•• an attminated organisni. 

eoM.Mr.NT 

.\ review of the foregoing material shows that the lesions in the 
recorded cases were chiefly t’ki per cent in this scries) jierioslcal or 
Cortical in origin. In their tendency to involve the siiiierrici.'il bony 
structures, in their clinical cottr.se and in their charcateristic cxnd.ate, 
they differ from tho.se tif ordinary osseous infection, fhily in their 
subacute course <lo they resemble the rarer forms of attenuated infec- 
tion associated with the names of P.rodie and (jarre. I'or this reason, 
1 do not hesitate, in the stihtitle of this ])aper, to associate the name of 
flllier with this form of chronic bony infection. 'I'he cases of Lcgiehn 
(Mikulicz) (KSSPj. lleekenkamp (l.'<’>0^ Lexer"' {1.S9.S), Dcutsch- 
IfitKlcr -■ (IW.s) and ( Jarre •' (color jilate, .LL 31 and S3) reprc.scnt 
lesions which were jirohahly cortic.al from the beginning (o.steomyclitis). 
The case of Deulschlrinder was one of direct primary infection of the 
marrow cavity following an o])en fracture of a hone. In the remaining 
cases of this group the infection spread locally from a primary focus in 
the spongy part of the hroailencd mclaphysis (subc])iphysial) of bone 
secondary to generalized bacteremia, d'his process is described by 
Lexer, Hobo *'■' and Robertson.^" Of special interest are the cases of 
osteomyelitis albuminosa reported by Ehrich and by Schlange,® the 
latter described in connection with 3 others, which Schlange designated 
as instances of “nonsuppurative osteomyelitis” of the femur. Schlange 
stated a jirefercncc for the term nonsuppurative rather than albuminosa. 
A careful study of his cases (color plate, 14, 23 and 32) suggests that 
they involved a primary cortical and not an osteomyelitic lesion. 

In Ehrich’s case (color plate, 37) a cyst of the distal end of the tibia occurred 
in a man aged 23, after an acute onset, with high fever, pain, redness and swelling. 
There was a tumor-like swelling of the bone, which on incision yielded a stringy, 
synovia-like fluid. The cavity was lined with thick, firm granulations, and under 
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these was a smooth bony wall. Bacterial examination showed on culture pyogenic 
staphylococci. The patient recovered. 

In Schlange’s case of a boy aged 14, there had occurred a contusion of the tibia 
one and one-half years previously, followed by tenderness and swelling with 
fever and malaise. This was followed by a gradual recovery, but some fusiform 
swelling of the upper third of the tibia remained. At the time of surgical explora- 
tion, the cortex was thin and parchment-like and the cavity ovoid, filled with brown 
serous fluid and lined with soft dark brown tissue. The underlying bone was 
soft and porous. The fluid contained a few red and white blood cells and occasional 
fat cells and was albuminous. In the fluid were a few clumps of brown-red tissue, 
which was poor in cells and contained giant cells. The osseous specimens were 
lost, and no further microscopic or bacteriologic examination was made. Recovery 
was uneventful. 

A considerable degree of speculation continues as to the causation 
of many so-called simple bony cysts which have been reported, such as 
those described by Schlange. Osteitis albuminosa is included as a cause 
in most classifications and discussions of bone cyst and fibrocystic 
disease of bone. Beck,®^ Tietze,®- Silver,®® Felten and Stoltzenberg,®^ 
von Bergmann,®® Bolognesi,®® Meyerding®' and Ashhurst, Bromer and 
White,®® among others, concerned themselves with this problem. In 
occasional cases reported by some of them the infectious character is 
evident, as in Ehrich’s case, and in others it may be strongly suspected. 
Phemister and Gordon ®® stated the belief that infection is a major cause 
of “solitary bone cysts” and that more careful bacteriologic studies may 
prove infectious many conditions now classified otherwise. It is not the 
purpose here to enter into a discussion of cysts, benign or malignant, 
of bone. It is intended rather to point out the part which attenuated 
bacterial infections may play in their causation. Exclusion of these 
cases of osteitis albuminosa from general discussions of cystic changes 
in bone would unburden to some extent the literature dealing with 
“genuine bony cysts” (Tietze ®®) and other cystic diseases of bone. 

51. Beck, C. ; Osseous Cysts of the Tibia, Am. J. M. Sc. 121:667, 1901. 

52. Tietze, A.: Die Knochenzysten, Ergebn. d. Chir. u, Orthop. 2:32, 1911. 

53. Silver, D. : The So-Called Benign Cyst of the Bones, Am. J. Orthop. Surg. 
9:563 (May) 1912. 

54. Felten, R., and Stoltzenberg, F. : Traumatische solitare Knochenzysten, 
Ztschr. f. orthop. Chir. 30:430, 1912. 

55. von Bergmann, G. : Zur Kasuistik von Cysten in den langen Rdhrenknochen, 
Deutsche Ztschr. f. Chir. 124:1 (Sept.) 1913. 

56. Bolognesi, J. : Ueber die Pathogenese der sogenannten Knochenzysten, 
Deutsche Ztschr. f. Chir. 131:382 (Sept.) 1914. 

57. Meyerding, H. : Cystic and Fibrocystic Disease of Long Bones, Am. J. 
Orthop. Surg. 16:253 (Sept.) 1918. 

58. Ashhurst, A.; Bromer, R., and White, C. : Cystic Disease of the Bones, 
Arch. Surg. 6:661 (May) 1923. 

59. Phemister, D. B., and Gordon, J. E. : The Etiology of Solitary Bone Cyst, 
J. A. M. A. 87:1429 (Oct. 30) 1926. 
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SUMMAKY 

A I'ltvni of lii'sl nott'd l»y Olliiir is tlfscriI)C(I. ll is an 

inunioi) ran.-rd In- ilio pailioj^cnic' nrf^anisins usual in ordinary forms of 
.-■uiK'rrK'ial and <i(’c-]t ossc-ons infirtion, Imt of low virulence. 'J'he lesions 
in this form are usually .'-uiH-rlieial and localized hul occasionally of 
deeper fiiiein. 

'rratnna. ihontth it plays a ]vu t in causing this form of osseous infec- 
tion. is not to he regarded as the ])rimary or sole etiologic factor. 
In.-d'ility to demonstrate the presence of micro-organisms in the lesions 
<Ioe‘~ tint esl;ihlish their .-disence. 

The iiidoleiit character of tlie process and the absence of the usual 
sign< of infection in cases of osteoperiostitis albnmino.sa mat’ cause 
diagnostic difiiculties. 'I'tihercttlosis, when it is in rjuestion, can usually 
he rec<>gnized hy roentgenologic study, hy e.\-aminafion of tissue or by 
animal inoculation. Malignant growths have at times been simulated 
hy the history of gradual onset and progression and by rocnlgenographic 
characteristics. Ccinfusion in diagnosis has occurred in cases of osleo- 
]H‘riossitis albnminn.ca with accumulations of .synovia-1 ilcc exudate when 
these accumulations were located in regions ordinarily the seat of 
ganglions and cysts. Aspirtition and roentgen examination may clarify 
tile picture. 

'I'he lesions are mild and benign. Simple incision with adequate 
drainage and removal of seijucstrums. whether or not the cystlike 
structures are removed, snflices usn.ally for recovery within a short time. 

The centrally located lesion of o.steoinyelitis albuniinosa should be 
distinguished from the “genuine bony cyst.” 


700 Midic.'il Arts BnildinR. 



TIC DOULOUREUX 


PARTIAL SECTION OF THE ROOT OF THE FIFTH CRANIAL NERVE; A 
COMPARISON OF THE SUBTEMPORAL AND CEREBELLAR APPROACHES 
FROM SURGICAL AND PHVSIOLOGIC STANDPOINTS 

0. R. HYNDMAN, M.D. 

IOWA CITV 

The deA'elopment of a surgical cure for tic douloureux presents one 
of the most brilliant chapters in the history of surgery of tlie nervous 
system and indicates step liy step how surely and definitely progress 
may be madeA 

At the present time there are two cleancut operative pi'ocedures by 
which the sensory root of the fifth nerve may be sectioned partially or 
entirely, producing a cui*e of the hideous malady and entailing a neg- 
ligible mortality in experienced hands. 

There is some controversy concerning the relative merits of the 
two procedures, and I felt the need of a comparative study by one 
person. 

Many interesting and important problems arise, both theoretic and 
practical, when an incomplete section of the fifth root is considered. 
I wish to suggest possible explanations for certain paradoxes and 
discrepancies in results and to report that my experiences have con- 
firmed the fact that “tic douloureux,” at least that involving the second 
and third branch distribution, can be cured surgically with losses in 
all modalities of sensation so trivial as to be undetected by the patient. 

This great stride in the perfection of an ideal in surgery adds the 
final achievement to the triumphs of those persevering pioneers who 
directed a courageous and relentless attack on a field no larger than an 
inch in diameter for over forty years. 

From the Department of Surgery of the College of Medicine, State University 
of Iowa. 

1. (a) Frazier, C. H. : Radical Operations for Major Trigeminal Neuralgia, 
J. A. M. A. 96 : 913-916 (March 21) 1931. (&) Dandy, W. E. : Operation 
for the Cure of Tic Douloureux; Partial Section of the Sensory Root at the 
Pons, Arch. Surg. 18:687-734 (Feb.) 1929. (c) Lewis, D.: Practice of Surgery, 
Hagerstown, Md., W. F. Prior Company, Inc., 1932, vol. 12. 
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CO]\IPARISON OF THE APPROACFIES FROAi A 
SURGICAL STANDPOINT 

SUBTKjri'OKAL APPROACH 

1 he subtcin])oral approach to the root of the fifth cranial nerve is 
almost universally used. The essentials in operative technic have been 
worked out in detail and to a highly successful end by Frazier, Adson,- 
Stook'ey and others. 

A linear incision is made in the temporal region beginning at a point 
directly above and about 4 cm. from the superior margin of the pinna 
and is carried forward to the zygomatic process about a finger’s breadth 
anterior to the external auditoiy meatus. The line of intersection of a 
transverse and a coronal plane passed through the latter point will usually 
pass through the foramen spinosum. In otlier words, the trunk of the 
middle meningeal artery, which is the most important point in the pro- 
cedure, will be straight in from a point a finger’s breadth anterior to 
the external auditory meatus. The wound is spread by a suitable self- 
retaining retractor and a bony defect about 5 cm. in diameter is prepared. 
The dura is gently and slowly elevated to the foramen spinosum and 
the meningeal artery is dispensed with either by ligating it or by plug- 
ging the foramen and cutting. The mandibular branch of the fifth 
nerve as it disa()pcars into the foramen ovale is regularly found just 
anterior and mesial to the foramen spinosum. After carefully loosen- 
ing the point of adherence of the dura to the third branch, the former 
can be stripped from the lateral face of the semilunar ganglion by push- 
ing it firmly upward with a small solid cotton ball fixed in a hemostat. 
The pulsating arachnoid membrane which is reflected over the posterior 
aspect of the ganglion and root comes into view. When the arachnoid 
membrane is incised the fan-shaped sensory root is well exposed. The 
motor root is a single large distinct filament; it is concealed from view, 
since it courses mesially to the sensory root and superoinferiorly. The 
inferior filaments of the sensory root are sectioned as extensively as 
the occasion may demand. 

CEREBELLAR APPROACH 

The cerebellar approach was developed by Dandy and has been 
almost exclusively used by him. He has listed the following advantages 
of the approach: (1) There is never corneal disturbance as the result 
of the operation ; (2) there is never injury of the motor branch ; (3) 

2. Adson, A. W. : The Diagnosis and Surgical Treatment of Trigeminal 
Neuralgia, Ann. Otol., Rhin. & Laryng. 35:601-631 (Sept.) 1926. 

3. Stookey, B.; Differential Section of the Trigeminal Root in the Surgical 
Treatment of Trigeminal Neuralgia, Ann. Surg. 87:172-178 (Feb.) 1928. 

4. Dandy, W. E. : The Treatment of Trigeminal Neuralgia by the Cerebellar 
Route, Ann. Surg. 96:787-795 (Oct.) 1932. 
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I have now designed a guillotine knife the shaft of which is a lumbar 
puncture needle (fig. 2). The hooked end is placed to the desired 
depth under the root, and the blade is driven home, making a clean, 
accurate cut with no undue injuiy to the nerve. Stereoscopic vision is 
not necessary and the size of the exposure may be minimal.'^ 

I have noted the possibilit}' and the probability of injuring the root 
at operation more than was intended. I have had 2 cases in which 
this occurred. The reason for it is that the tender root will often be 
avulsed at the pons more easily than it will be divided. (I have con- 
firmed this a number of times at the necropsy table.) It may still 
occur even though one uses a sharp hook knife, so that if one attempts 
to section half the nerve root with a hook knife one may cause avulsion 
of the entire root and not be aware of it. At any rate it is certainly 
possible to cause a greater injur}' than was intended. Particularly if 
the root is sectioned by the subtemporal route there will be less chance 
of one’s being cognizant of the total injury than if the root is sectioned 
at the pons. I feel confident that this may explain a great discrepancy 
that has existed in the findings after a supposed partial section. Hence 
the greater need for instruments that will obviate such an outcome. 

Another important part of the equipment for this operation is the 
means of illumination. It is absolutely necessary for the operator to 
see well what he is doing. Lighted retractors which are on the market 
at present are entirely impractical. They occupy too much space; more- 
over, should fluid and blood obscure the light they would leave the 
operator without illumination at the time he needs it most. A head 
lamp is the preferable source of illumination. Having failed to find a 
head lamp satisfactory for this purpose, I set out to make one. The 
result has proved so useful that I feel it worth while to incorporate a 
description of the lamp here. 

The essential requirement of such a lamp is that it throw a small, 
bright spotlight into the operative field. Low voltage lamps are supe- 
rior. A full size, 2 cell, adjustable focus flashlight is dismantled and the 
head is cut off on a bevel that will give the proper tilt of the reflector 
(fig. 3). _ 

One connector is present in the head, but a second must be soldered 
into the head to provide contact with the center connector of the bulb. 
Wire leads are soldered to the connectors, and the head is backed by a 
piece of stiff cardboard or other suitable material. Any form of cellvt- 
loid-acetone glue will suffice to fix the piece. A 9 volt flashlight bulb 
is ideal, and the reflector is adjusted to make the spotlight satisfactoiy- 

5. This instrument was milled by Mr. A. P. Freund, Mechanician, Pharma 
cology and Physiology Shop, State University of Iowa. Duplicates may e 
obtained from him. 





pjg, 2. Guillotine knife. A, knife assembled. The tiny blade moves freely into 

a slotted guard when the thumb button is pressed. The blade returns by spring 
action. The blade was designed so that its length would be equal to only half the 
width of the average sensory root at the pons. B, parts of the instrument. Left 
to right : handle ; set screw by means of which the blade shaft may be rotated at 
any angle to the handle; thumb screw which fixes the blade rod; blade rod 
guide; spring; blade shaft with terminal slotted guard (made from lumbar 
puncture needle) ; blade, made from piano wire. This may be easdy and inexpen- 
sively renewed from time to time if necessary). The instrument should be 
sterilized in the autoclave. The drawing below illustrates the use of the instru- 
ment. The insert shows the section completed. 
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This light will remain concentrated at varying distances. A simple 
arrangement is to cover the bulb socket with a small section of snug-fitting 
rubber tubing of such a size that the reflector may be snugly twisted 
over it. The reflector ma}" then be adjusted properly and glued to the 
rubber sleeve. 

If the source of current is the ordinary 110 volt circuit, a 9 volt 
transformer must be interposed. I found that the 9 volt transformers 
supplied with to}' electric trains are satis factor)' and inexpensive. They 
may be obtained separately. There is no need of covering the reflector. 
If it tarnishes it may be polished, or the whole piece may be preserved 
in a case when not in use. 

The lamp may be fastened to wide clastic tape made to fit the oper- 
ator’s head. The wire goes over the head and is fastened to the elastic 



Fig. 3. — A useful head lamp, providing the proper illumination for operating 
through small deep exposures. The lamp is described in the text. 

in the back. After the head piece is glued to the tape a thread is placed 
through the two holes in the head piece and through the backing and 
the tape, so as to provide additional security against the lamp’s falling 
from the tape. 

The finished product is small and light, does not become hot, is 
easily applied during the operation and is inexpensive. It fulfils exactly 
the needs in illumination for this procediu'e. 

ADVANTAGES AND DISADVANTAGES OF THE TWO METHODS OF 
EXPOSURE FROM A SURGICAL STANDPOINT 

The incision through skin, muscle and bone is quicker, easier and 
attended with less bleeding in the subtemporal exposure. Facial palsy 
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occasionally occurs with the subtemporal exposure and has been attrib- 
uted to an indirect injury of the geniculate ganglion through an injury 
to the petrosal nerves. When this has occurred in my cases it has dis- 
appeared later. I have at times felt it might be due to injury or section 
of the peripheral branches of the seventh nerve, but its general absence 
after decompressions made through similar incisions obviates such a 
possibility. 

In respect to the cerebellar approach, although with a reasonable 
amount of skill one should be able to manipulate without injuring the 
seventh nerve, it cannot be gainsaid that this nerve is always in a vulner- 
able spot. If it tears apart, the injury is permanent and irreparable, 
save for spinofacial anastomosis. 

The subtemporal approach has the advantage of being largely but 
not entirel}’- extradural. 

I have found bleeding to be more troublesome with the subtemporal 
approach than with the cerebellar approach. Stripping the dura may 
be attended in certain cases by venous oozing that requires much time 
and patience to control, particularly since it is often impossible to find 
the source of the bleeding. With the cerebellar approach, provided the 
petrosal veins are properly cared for (and I have encountered no diffi- 
culty at this point) the intracranial portion of this operation may be 
entirely bloodless. On the whole, the middle meningeal artery and 
the petrosal veins are about equally matched as hazards in the two 
approaches. 

I have had no difficulty in differentiating and preserving the motor 
root in the temporal approach, although it is necessary at times to manip- 
ulate it in separating it from the sensory filaments. No manipulation 
is necessar)^ in the cerebellar approach. 

Occasionally a thin, adherent dura which repeatedl)'' tears constitutes 
a distinct disadvantage in the temporal exposure, and if the dura tears 
at the ganglion and is unusually adherent to it the operator may be com- 
pletely defeated. The tendency in such a situation is not to give up 
until the operator is exhausted and perhaps an unnecessary amount of 
damage has been done to the patient. Such an ultimate defeat is not 
so likely in a well directed cerebellar approach. It may be that previous 
injections of alcohol cause the dura to become more firmly adherent 
to the ganglion. 

In the cerebellar exposure the occipital nerves to the scalp are sec- 
tioned, and there results a degree of numbness in their distribution. This 
is a criticism of the cerebellar approach, but a minor one, because it is 
only minimally disturbing to the patient and with proper anatomic clos- 
ure is not permanent. 
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Dandy ‘‘ states that he does not carry his incision far enough to 
include the great occipital nerve. 

The first incisions made by me, such as that shown in figure 9, 
were more extensive than was necessary. The incision has been reduced 
to the size illustrated in figure 11. This incision easily avoids the great 
occipital nerve and it has proved no more difficult to reach the cerebellar 
cistern and complete the operation with this incision than through a 
larger exposure. 

At the termination of a subtemporal approach the degree of dural and 
osseous oozing will often, though not always, make it advisable, as Adson 
has maintained, to leave a gauze pack planted against the ganglion. The 
subsequent removal of this pack is not altogether pleasant for either the 
surgeon or the patient, and the use of drainage material is always pre- 
carious in surgical operation on the brain. I have never seen any indica- 
tion for employing drainage material or packs in making the cerebellar 
approach. 

In conclusion, speaking from a surgical standpoint, I feel that the 
odds are in favor of the cerebellar approach as being a finer, more blood- 
less and more dependable operation. It requires, however, a greater 
measure of technical skill and experience in the cerebellar fossa and 
decidedly more care. 

ETIOLOGY OF TIC DOULOUREUX 

With respect to the cause of tic douloureux, it may be said that any 
impression at the present time is purely hypothetic. The locus oper- 
and! has variously been placed at the receptor of the sensory nerve, the 
branches, the ganglion, the root, the bulbar contingent and even the 
thalamus. No incontrovertible evidence has been brought forth in any 
case, and objective pathologic changes have been uniformly absent.® 
One clinical fact seems well established, however, which is that when the 
end organ is destroyed or anesthetized, particularly in the region of the 
trigger zones, the crises cease to occur, and when the function of the end 
organ is restored the painful crises reappear. In this light I feel it worth 
while to recall the experiments of Davis and Pollock." When the superior 
cervical ganglion is stimulated in the cat under the influence of bulbo- 
capnine, the animal exhibits definite symptoms of severe pain in the 

6. W. E. Dandy (Concerning the Cause of Trigeminal Neuralgia, Am. J- 
Surg. 24:447-455 [May] 1934) has reported a high incidence (60 per cent) of 
gross pathologic changes uncovered by the cerebellar exposure which he felt were 
of etiologic importance. Five and six-tenths per cent of the lesions encountered 
were tumors of the cerebellopontile angle. 

7. Davis, L., and Pollock, L. J. : The Role of the Sympathetic Nervous 
System in the Production of Pain in the Head, Arch. Neurol. & Psychiat. 27. 
282-293 (Feb.) 1932. 



H YN DM AN— TIC DO ULO URE UX 


83 


head. The pain lasts only during the period of stimulation and occurs 
whether the proximal cervical chain is intact or not. Section of the 
anterior and posterior spinal roots from the first to the twelfth thoracic 
does not abolish the phenomenon, but section of the fifth root in addi- 
tion does abolish it. Davis and Pollock " concluded that something was 
taking place at the s}’mpathetic terminals that was relayed through the 
afferent fibers of the fifth nerve and interpreted as pain. Stimulation of 
the cervical chain proximal to the superior cervical ganglion had the 
effect only of dilating the ipsilateral pupil and causing movements of the 
nictitating membrane. With the cooperation of Dr. Tracy Putnam I 
had the opportunit}' at the Boston City Hospital of confirming these 
results so far as stimulation of the superior cervical ganglion is con- 
cerned, but no sensoiy roots were sectioned. To my knowledge there 
is no evidence to show whether this pain is instigated at the receptor or 
at the ganglion of the fifth nerve. 

The abolition of visceral pain by section of the abdominal sympathetic 
nerves has been accomplished by Archibald ® and Scrimger.'’ 

In short, it appears to be established that there do exist afferent 
visceral fibers that mediate pain, and it is possible that they retain their 
identity to the thalamus. 

It is possible that the pain of tic douloureux is mediated by similar 
fibers coursing along with but anatomically distinct from the cerebro- 
spinal fibers of the fifth nerve. This would help to explain the para- 
doxic results obtained in the cure of tic douloureux by partial section 
of the fifth root. Such a hypothesis is strongly suggested because the 
paroxysms are unlike pain which is known to be mediated by the cerebro- 
spinal afferent nerve fibers and do closely simulate the excruciating 
visceral paroxysms, such as gallbladder and ureteral colic, and, if the com- 
parison is permissible, tabetic crises. Moreover, the exciting factors, 
such as stroking the skin and cold drafts, are not stimuli ordinarily 
associated with the initiation of pain which is transmitted by cerebro- 
spinal afferent fibers. 

It is not to be implied that efferent cervical sympathetic nerve fibers 
are responsible for tic douloureux, but these facts do suggest that the 
pain of tic douloureux and the pain shown by the animals mentioned may 
be mediated by afferent sympathetic nerves through the fifth nerve. 

8. Archibald, E. : Effect of Sympathectomy upon the Pain of Organic 
Disease of the Arteries of the Lower Limbs and for Obscure Abdominal Pain, 
Ann. Surg. 88:499-509 (Sept.) 1928. 

9. Scrimger, F. A. C. : On the Possibility of Relieving Abdominal Pain by 
Section of Sympathetic Rami Communicantes, Canad. M. A. J. 21:184-189 (Aug.) 
1929. 
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RESULTS OF PARTIAL SECTION OF THE ROOT OF THE 
FIFTH NERVE AND THEIR TPIEORETIC 
EXPLANATION 

There has been considerable controversy concerning the all-important 
arrangement of fibers in the root of the fifth nerve and their relation 
to those of the peripheral branches. On clinical grounds there seems 
to be a consensus that some topographic relation is maintained in the 
ganglion and the root so that the upper, middle and lower thirds of 
the root correspond roughl}' with the first, second and third peripheral 
divisions of the iierve.^® Opposition to this concept has been on anatomic 
grounds. 

Davis and ITaven studied macroscopicall)' and microscopically the 
root fibers and the bulbar fibers, after degeneration, from various sec- 
tions in the cat. In this animal they found the root to be rotated so that 
the ophthalmic fibers, which are superior just proximal to the ganglion, 
become inferior as the root enters the pons. Hence a section of the 
superior half of the nerve just proximal to the ganglion gives the same 
degeneration picture in the spinal root as does a section of the inferior 
half of the root as it enters the pons. The}'^ stated that the root is rotated 
in a like manner in man. Clinical results, however, do not bear this 
out.’^® They found in the degeneration experiments that the fibers in the 
spinal root of the cat are so disposed that those from the ophthalmic 
nerve are ventral and those from the mandibular nerve are dorsal. In 
either case degeneration is evident throughout the entire length of the 
spinal root. This indicates that the topographic relationship in the root 
maintains itself even in the brain stem. Spiller made these observa- 
tions as early as 1901, and Bregman in 1892, with rabbits. The five 
authors were in agreement on the findings. 

10. Frazier, C. H. : Subtotal Resection of Sensory Root for Relief of Major 
Trigeminal Neuralgia, Arch. Neurol. & Psychiat. 13:378-384 (March) 1925. 
Frazier, C. H., and Whitehead, E. : Morphology of the Gasserian Ganglion, 
Brain 48:458-475 (Dec.) 1925. Stookey.® 

11. Van Nouhuys, F. : The Anatomy of the Gasserian Ganglion: Its Relation 
to Tic Douloureux, Arch. Surg. 24:451-457 (March) 1932. 

12. Davis, L., and Haven, H. A. : Surgical Anatomy of the Sensory Root of 
the Trigeminal Nerve, Arch. Neurol. & Psychiat. 29:1-15 (Jan.) 1933. 

13. My observations of the nerve root at the necropsy table have convinced 
me that the rotation of the root from ganglion to pons is about 20 to 30 degrees 
but certainly not of the magnitude of 180 degrees. 

14. Spiller, W. G., and Frazier, C. H. : The Division of the Sensory Root 
of the Trigeminus for the Relief of Tic Douloureux: An Experimental, Patho- 
logical and Clinical Study, with a Preliminary Report of One Surgically Successful 
Case, Univ. Pennsylvania M. Bull. 14:341 (Dec.) 1901; Philadelphia M. J. 8:1039, 
1901. 

15. Bregman, E. : Ueber experimentelle aufsteigende Degeneration motorise ler 
und sensibler Hirnnerven, Arb. a. d. Inst. f. Anat. u. Physiol. 1:73-97, 1892. 



H YN DM AN— TIC DO U LOU RED X 


85 


Davis and Haven after experiments in teasing the human nerve 
root pointed out a liberal anastomosis between the macroscopic filaments. 
J^Iicroscopicalh’ the}' were unable to find a topographic segregation of 
small and large fibers in the root. Spiller/"* however, logically pointed 
out that physiologic implications may not always be drawn accurately 
from anatomic findings. 

On clinical grounds the following observations would seem incon- 
trovertible : 

1. As one sections the root from below upward, whether at the pons 
or at the ganglion, the loss of sensation progresses from the lowermost 
distribution in the face upward and from the midsagittal plane laterally. 
(Observations made by the department of neurology and by myself after 
partial sections of the fifth root have not exhibited losses in sensation 
with as cleancut boundaries as have been indicated in Frazier’s reports.^'' 
In fact, when losses in various modalities of sensation could be demon- 
strated it has been my impression that they conform more to a segmental 
or nuclear distribution than to a peripheral branch distribution.) 

Although degeneration experiments have demonstrated the ventro- 
dorsal disposition of fibers in the spinal root, no evidence, save in cases 
of syringobulbia has been forthcoming concerning the disposition in 
the long axis of the spinal root. Spiller has expressed the view that the 
descending spinal root represents pain and temperature sensation and 
that there is evidence to show that the sensations of pain, heat and cold 
may be to some extent anatomically segregated, as is the case in the 
spinothalamic tracts. It appears that sensory distribution from the mid- 
sagittal plane of the face laterally is represented in the long axis of the 
spinal root and that the fibers representing the most lateral distribution 
in the face extend farthest caudad in the spinal root. 

It thus appears that one of the differences in the results obtained by 
cutting a peripheral branch and by partially cutting the nerve root is that 
in the latter a combined branch and segmental loss obtains. 

2. Section of the inferior half of the root may eliminate the pain 
crises of tic douloureux, at least in the second and third branches, and 
loss of any modality of sensation in the face may be so insignificant as 
to be unnoticeable by the patient and to require most careful examination 
for its detection. If the loss is detectable, it involves sensation to pain 
more than to light touch and is diffusely distributed over an area rather 
than bounded by cleancut borders. 

I have verified this statement so far as the cerebellai approach is 
concerned, but I am not wholly prepared to make the same statement for 

16 (a) Grinker R R.: Neurology, Springfield, III., Charles C. Thomas, 
Publisher, 1934, p. 330. W JeUiffe, S. E., and White, W. A.: Diseases oi the 
Nervous System, ed. 4, Philadelphia, Lea & Febiger, 1923, plate 
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the subtemporal approach. The partial sections made by the subtemporal 
approach have been extended much farther than half the length of the 
nerve. In fact, until now only one macroscopic filament has been left in 
the upper aspect of the root. This was done through fear of an insuffi- 
cient operation. The remaining fasciculus proved adequate to supply 
the ophthalmic distribution and corneal sensation, with no detectable 
loss in that field. 

I should like to suggest the following explanation to account for the 
incommensurate retention of sensation after a partial section of the 
sensory root. It should be remembered that the fifth nerve is a single 
nerve whicli peripherally has been split three ways but that this 
peripheral division should in no way destroy the possibilities of overlap 
that characterize the sensory domain. It is not unlikely that the plan 
of innervation is that indicated in figui'e 4 A. The uppermost neurons 
{A) send dendrites largely to the ophthalmic distribution (0). The 
next lower neurons (5) innervate the ophthalmic and maxillary regions. 
The middle neurons (C) send dendrites to all three divisions, and the 
still lower neurons {D), to the maxillary and mandil)ular regions. The 
lowermost neurons (£) largely innervate the mandibular region. 

If only the E fibers are sectioned, little loss will be expected even 
in the mandibular division. If Z) and E (probably representing the 
lower third of the root) are sectioned, there will still not be a total loss 
even in the mandibular region. The diagram can thus be worked out 
for various sections and is the simplest possible diagrammatic represen- 
tation of the scheme of innervation. It is likely that the three way dis- 
tribution of the dendrites is far more extensive for each neuron than 
is indicated in the diagram. This plan of overlap would adequately 
explain how the nervous system might conserve the number of axons 
necessary to innervate a broad surface of skin. This will also explain 
the phenomena of referred sensations demonstrated in case 1 in the 
following manner : First, consider the simplest possible plan shown dia- 
grammatically in figure 4 B, of three neurons each having independent 
dendrites and receptors as well as receptors in close contiguity with 
their fellows. If receptor X-^ is stimulated, the stimulus will be trans- 
mitted only by the axon X. If the locus of stimulation is a point where 
X 2 and Fi are contiguous,, the stimulus will be transmitted by axons X 
and Y. If at Yn, Y alone will carry the impulse. In this manner, such 
a plan as shown in the diagram provides five different combinations or 
pattei-ns of stimulus transmission, or combinations equal to 2 N h 
when N is the number of neurons. This may be called a combination 
of first order. 




Pig_ 4 diagrammatic representation of a hypothetic plan of overlap in the sensory fifth 

nerve. A-E axons ; 0, max., mand., ophthalmic, maxillary and mandibular branches of the fifth 
nerve (see explanation in text). B, diagrammatic representation of a hypothetic plan of sensory 
innervation of the skin, illustrating the simplest plan of neuron combinations. X, Y and Z. 
axons • A'’i, free receptor for X ; As and I'l, contiguous receptors or single receptor for A' 
and y’- Y-’ free receptor for Y, etc. ; C. B., body of cell. The possible axon pattern combinations 
in this’diaWam equals 2N—1, N being the number of neurons. (See explanation in text.) C, 
diagram ilTustrating a combination of each neuron ^vith four of its fellows, a plan of second 
ordpr The number of axon pattern combinations possible m this diagram equal — a. U, 

‘ •ii„ctr^t;n!T a combination of each neuron with six of its fellows, a plan ot third order. 
iT^'rVber of nofsibk diagram equals 4 A -6. £. diagrani of the 

•^^1 I tn^'Iliistrate the possible mechanism of the phenomenon of referred sensation. S. 
simplest plan to dl^strate ^the^pos 

Sanat°iomr”TlS’ concept will adequately account for d^phenomena oi spread and by. 
esthesia. 
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If one assumes a more complex arrangement, such as that shown in 
figure 4 C, in -which each neuron has contiguous receptors with four of 
its fellows, the possible axon combinations will be 3 A' — 3, a combina- 
tion of second order. 

If, as in figure 4D, each neuron has contiguous receptors with six 
of its fellows, the possible combinations will be 4 iV — 6, a combination 
of third order. 

That is, 100 axons could supply about 400 skin loci, each of which 
could be discriminated from the other, provided one accepts the proposi- 
tion that such axonal patterns of afferent stimuli could provide a 
mechanism of integration in terms of localization. It seems to me that 
some such plan must obtain to account anatomically for the evident con- 
servation of axons in the nerve roots and in the spinal cord. 

So far as the receptors are concerned, it is not too imaginative to 
assume that the dendrites of several neurons take origin from a single 
receptor rather than from contiguous receptors as indicated in the 
diagram. 

The phenomenon of referred sensation, as exhibited in case 1, may 
then be explained as follows : 

If, as in figure 4£ (the simplest possible diagram), an axon is 
severed at S, all the dendrites indicated by dotted lines cease to function, 
and hence, with the standard pattern disrupted, if a stimulus is applied 
to receptor it can only be interpreted as having been applied to the 
free receptor, Rn. Hence, the distance from the actual stimulus to the 
point of reference ma)'' give a rough indication of the magnitude of 
the territory innervated by a single neuron. 

WHY ‘"tic” should BE ELIMINATED WHEN SENSATION IN GENERAL 
HAS BEEN SO LITTLE DISTURBED 

Two possible reasons for the elimination of the “tic” are suggested; 
First, one may be dealing with a pain which is mediated by afferent 
sympathetic nerves, as pointed out in the section on etiologic considera- 
tions, and it may be that the involved fibers are cut in the procedure. 
Second, the trigger zones may be the sole regions of excitation of the 
pain. Indeed, if such regions are locally anesthetized the pain is 
abolished until the anesthesia disappears. 

The trigger zones are almost always situated in the gums, in the 
buccal mucosa or about the lips or the side of the nose ; that is, they are 
usually located within the innermost segment of the distribution of the 
fifth nerve. 

When the lowermost fibers of the root are sectioned, it is this 
segment that is most involved, particularly with respect to pain sensa- 
tion, and the denervation may be just sufficient to abolish the abnormal 
reaction of the trigger zones. 
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COMPARISON OF THE TWO APPROACHES FROM A 
PHYSIOLOGIC STANDPOINT 

Corneal Ulcer . — I have been spared the occurrence of corneal ulcera- 
tion in all my cases of partial section when corneal sensation has been 
]Dreserved, whether the approach was subtemporal or cerebellar. A 
corneal ulcer has developed in 1 case for each exposure when the division 
of the sensory root was complete and corneal sensation was lost. It is felt 
that loss in corneal innervation is the important feature, regardless of 
the approach. An early lesion is probably on a trophic basis, as is herpes 
of the skin, though the cornea ma)'' subsequently be inadvertently injured 
because of the anesthesia. 


REPORT OF CASES 
SUBTEMPORAL EXPOSURES 

Case 1. — B. W., a white woman aged 50, was referred to me by Dr. George 
D. Callahan, of Iowa City, in May 1936. She dated the onset of her attacks to 
1920, after the extraction of an abscessed tooth. The pain was sharp and 
stabbing and lasted from three to four seconds. It began anterior to the right 
ear and radiated to the moutli. In 1928 an attempted operation by the subtem- 
poral exposure was unsuccessful. After the operation she noticed that part of 
the right cheek was numb. There was a transient palsy of the sixth nerve on 
the right side. In less than a month the painful seizures had returned. 

On this admission to the hospital, she stated that the attacks had become so 
frequent and severe that she had been in constant agony and unable to sleep. 
The pain started in the right malar region and radiated to the right buccal 
angle. The right half of the tongue was severely involved and appeared to be 
a trigger zone. Excitement, worry, nervousness, a draft of air, chewing and 
swallowing were exciting factors. On examination a small portion of the 
anterior part of the right cheek revealed about a 20 per cent loss of sensation 
to light touch and to pain. By a subtemporal approach on the right side the 
sensory root of the fifth nerve was exposed, and all its fibers were sectioned 
with the exception of the most superior fasciculus. The motor root was identified 
and spared. The wound healed uneventfully, and pain has remained absent to 
the present time (ten months). 

Postoperative studies (fig. 5) gave striking results in regard to the sensa- 
tion remaining. Even more interesting is the fact that the patient referred 
the touch points to locations quite wide of the points of actual contact as indi- 
cated in the diagram. Daily tests were carefully made with her eyes closed, 
and the findings remained consistent. She was highly cooperative, and I feel 
that her responses were dependable. The answers were not prompted in any 
way. A hypothetic explanation of this phenomenon has been given. 

The impression was gained at the time of operation that the surgeon operating 
in 1928 had only partially injured the maxillary peripheral division of the nerve. 

17. The operations here reported, representative of both approaches, were well 
controlled as to observations made at the time of operation, and I feel that 
there was no trauma to the nerve other than the intended section. Tlie post- 
operative studies were checked repeatedly by several examiners. 
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Case 2. — L. D., a wliilc woman aged 55, was referred to me by Dr. C. B. 
Busby, of BrooWj'ii, Iowa, in April 1956. 

In March 1955, she had her first “crash" of pain, a terrific paroxysm of short 
duration over the left maxillary region. The attacks occurred four or five 
times a day. Touching the lower part of the left side of the nose invariably 
provoked an attack. 

She received an injection of alcohol in July 1935, which lessened somewhat 
the severity, but not the frequency, of the attacks. The trigger zone on the 
left side of the nose shifted to the upper gums on the left side, and the attacks 
began to involve the distribution of the left second and third branches, with an 




Fig. 5 (case 1). — The single lines mark the area in which the sensation of pam 
to pinprick was estimated as being about 90 per cent lost. Sensation to touch in 
this area was about 50 per cent lost. When the patient was touched at the points 
denoted by the solid black circles she referred the sensation to points denoted 
by the plain circles. When touched in the region marked by crosses she con- 
sistently referred the sensation to the region above the eyebrow marked by double 
crosses. Herpes developed after the operation on the right side of the lips and 
chin. The losses of sensation to pain and touch in the buccal mucosa and the 
right half of the tongue appeared to be about the same as those demonstrated. 
Corneal sensation and the motor function of the fifth and seventh nerves were 
intact. No corneal ulcer was present. Subjective numbness was negligible.^ The 
drawing at the bottom demonstrates the relative amount of the root sectioned. 
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occasional involvement of the first division. On rare occasions the right side 
of the face was involved, but less severebc 

^ On examination there was evidence of a slight loss of sensation to touch and 
pain over the lower left side of the nose, part of the left cheek and the left 
side of the upper lip. 

After discussing with me the relative merits of total and partial section she 
chose the partial section, feeling that should the ophthalmic division become too 
troublesome it could be severed later. 



Fig. 6 (case 2). — In the shaded area in A, sensation to pinprick was about 
90 per cent lost, and to touch was about 50 per cent lost. The cross hatching 
on the lips represents the area of complete numbness. The buccal mucosa and 
the left half of tongue presented about the same losses as the regions denoted 
by the shaded area. B shows herpes developed on the lips, the chin and the cheek 
after the operation, extending about inch across the midline on the chin. 
Corneal sensation and the function of the motor fifth and seventh nerves were 
intact. No corneal ulcer was present. Subjective numbness was negligible. 
C demonstrates the relative amount of the root sectioned. 

By a left subtemporal e.xposure the sensory root was e.xposed, and all its 
fibers were sectioned e.xcept the uppermost fasciculus. The wound healed unevent- 
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fully. Herpes developed on the left side of the chin, on the left cheek and 
about the left side of the lips, extending about inch (1.3 cm.) across the mid- 
line on the chin. 

A sensory loss was found as indicated in figure 6. In this case, which 
preceded case 1 chronologically, I asked the patient to respond only if she felt 
the stimulus. I did not ask her to locate it. Hence, information as to referred 
sensation was not obtained. 

The infrequent minor attacks which had involved the ophthalmic division on 
the left and on the right side were not materially changed after the operation. 
The major attacks involving tlie second and third divisions have remained elim- 
inated to the time of writing (one year). 

CEREBELLAR APPROACH 

Case 3. — F. B., a white man aged 56, was referred to me by Dr, C. A. Samuel- 
son, of Sheldon, Iowa, in September 1936. 

Pain in the right side of the face began in 1911. The attacks lasted for about 
si.x months, during whicii time the patient had some teeth extracted. He was 
then free of pain until March 1936. He described the pain as an electric shock 
brought on by cold air, eating or drinking. It was usuallj' confined to the upper 
lip and the upper part of the cheek on the right side, but occasionally extended 
to the lower jaw. There was a trigger zone on the lower right side of the nose, 
the right side of the roof of the mouth and the right side of the upper lip. 

The root was exposed through a right cerebellar approach, and slightly more 
than the lower half was sectioned. The patient’s recovery was uneventful except 
that on the second day after the operation he showed for the first time evidence 
of slight facial palsy on the right side. This had cleared up, however, at the 
time of discharge. Studies in sensation revealed the findings shown in figure 7. 
The sensory losses were so small as to be clinically insignificant. 

Case 4. — F. M., a white man aged 45, was referred to Dr. R. A. Fenton 
by Dr. L. E. Hooper, of Indianola, Iowa, in August 1936, 

In January 1936, pain developed in the right cheek and in both lower jaws. 
This continued intermittently until June. He had several teeth extracted and 
was free of pain until August, when pain returned on the right side onb’. The 
attacks became more frequent and severe. ’There was a trigger zone on the 
right side of the chin, and the pain seemed to involve the second and third 
branch distribution. He described the pain as giving a feeling “as though a 
building fell on my face’’ or “just like a team of horses were pulling my jaw 
out.’’ 

The root of the fifth nerve on the right side was exposed by the cerebellar 
approach, and half of the root was sectioned. His recover 3 '' was uneventful, 
and sensory studies revealed only moderate diminution in sensation as shown 
in figure 8. The results were comparable to those in the preceding case. The 
operative scar and the patient are shown in figure 9. The result from the 
patient’s point of view can be no better expressed than in his own words. When 
asked if he had noticed that his face felt numb anywhere, he replied in the 
negative, and then, rubbing his hands over his face, he added, “Doc, if it wasnt 
for being rid of that awful pain, I wouldn’t know I’d been operated on. 

Case 5. — M. D., a white woman aged 72, was referred to me by Dr. B. D. 
Elliott, of Oskaloosa, Iowa, in January 1937. 

Nine years previously she had had a tonsillectomy. An infection of the wound 
remained for about six weeks. Subsequently, coughing caused a sharp pain 
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the right side of the tongue. There was also some loss in control of the tongue, 
which became somewhat thickened. Touching a spot on the buccal side of the 
right mandible posteriorly would incite a sharp attack of pain. In 1932 she was 
given an injection of alcohol, elsewhere, which was repeated in four daj's. This 
relieved her attacks for a about a year but induced unpleasant hyperesthesia over 
the right side of the face. Three more injections of alcohol were given at intervals 
of three months. The attacks continued to occur more frequently, however, and 
were severe, appearing to involve the second and third branch distribution on the 



Fig. 7 (case 3). — The shaded area represents the region in which there were 
about 50 per cent loss of sensation to pinprick and 10 per cent loss of sensation 
to light touch. Sensation in the tongue and buccal mucosa was about the same. The 
region denoted by the cross hatching on the lip was completely numb. In the mid- 
line, represented by crosses, the patient showed h 3 'peresthesia when a pin was 
dragged from one side to the other. Herpes developed on the right side of the 
lips after the operation. Corneal sensation and the function of the motor fifth nerve 
were intact. There was no corneal ulcer present. Subjective numbness was 
hardly detectable. A slight facial palsy developed on the second day after tlie 
operation, from which the patient had almost completely recovered at the time of 
discharge. The drawing at the bottom demonstrates the relative amount of tlie 
root sectioned. 
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right. She discovered trigger zones on the right side of the tongue, on the 
right side of the lower lip and on a spot just lateral to the lip. Touching these 
zones, chewing or eating anything cold invariably incited the attacks, and she 
presented a typical picture. The face was held rigid, she talked carefully with- 
out moving the mouth, she had an anxious expression and she guarded against 
having her face touched. 

Examination revealed a slight dulling of sensation to pinprick in a spotty 
distribution over the mesial half of the mandibular division. 




Fig. 8 (case 4). — The sliaded area represents the region in which there were 
about a 25 per cent loss of sensation to pinprick and a hardly ,^§t^tabie loss of 
sensation to light touch, except in the areas marked by circles, whef^there seemed 
to be a complete numbness. Sensation in the tongue and buccal mucosa was about 
the same as in the region denoted by shadings. Herpes developed on the right 
side of the lips after the operation. Corneal sensation and the function of the 
motor fifth and seventh nerves were intact. No corneal ulcer was present. The 
patient denied feeling numbness to any degree in the face. The drawing at the bot- 
tom demonstrates the relative amount of the root sectioned. 


The root of the fifth nerve on the right side was exposed by the cerebellar 
route, and about one third of the root was sectioned with the guillotine kni e 
previously described. 
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Fig. 9 (case 4 ). — A shows the outline of the mild sensory changes shown 
in figure 8. B shows the scar of the operation. I have subsequently lessened 
the extent of this incision. 




Fig. 10 (case 5). — No additional detectable loss of sensation to pinprick, light 
touch, pressure, temperature or two point discrimination was, present in the face. 
No loss of sensation to pinprick or to light touch on tongue, lip, gums or buccal 
mucosa was noted. Herpes developed on the right side of the lips after the 
operation. Corneal sensation and motor function of the fifth and seventh nerves 
were intact. No corneal ulcer was present. The drawing at the bottom demon- 
strates the relative amount of root sectioned. 
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The patient recovered uneventfully, and repeated sensory examinations revealed 
no detectable loss in sensation on the tongue, in the buccal mucosa or on the 
face, except that which had been present before the operation. Heat, cold and 
pressure were also interpreted normally (fig. 10). The “tic” crises were 
abolished, and she did not complain of hyperesthesia in the right side of the face. 
Corneal sensation and the function of the motor fifth and seventh nerves were 
intact. 

Unfortunately, when she was ready for discharge “butterfly” erysipelas devel- 
oped over the face, with a severe reaction which became complicated by strepto- 
coccic meningitis, causing death. Permission for necropsy was denied. 

Case 6. — B. McC., a white man aged 67, was referred to me by Dr. R. C. 
Crumpton, of Webster City, Iowa, in May 1937. 



Fig. 11 (case 6). — Photograph taken four days after the operation, illustrating 
a small incision which provides adequate exposure for the operation. The mid- 
sagittal plane is indicated. 

This patient, in addition to having paralysis agitans, had suffered frequent 
attacks of tic douloureux for five years. The attacks were in the second and 
third branch distribution on the right. Eating, talking and stroking the upper 
lip on the right side were inciting stimuli. Several injections of alcohol had 
been attempted. There had also been an unsuccessful attempt to make an injection 
into the ganglion. An infection developed in the right temperomandibular joint, 
with cellulitis of the right side of the face, which was the site of two draining 
sinuses. The infection precluded further attempt at the injection of alcohol as 
well as operative attack by the subtemporal route. The attacks were so frequent 
and so difficult to bear that the patient was eager to have an operative secticm. 
Fortunately the tissues posteriorly were not infected, and a partial section of t e 
sensory root was carried out by the cerebellar route. The operation was one 
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with the area under local anesthesia, and, strangely, as has been pointed out by 
Dandy, no sensation of pain was induced when the root was sectioned. The inferior 
two thirds of the root was sectioned with the guillotine knife without the 
slightest difficulty and with minimal retraction of the cerebellar hemisphere. A 
greater portion of the root was sectioned than was thought to be necessary, in the 
hope of diminishing the pain in the jaw from infection. The “tic” was abolished, 
and after the operation the patient felt no numbness in the face. The depart- 
ment of neurology reported that fully 75 per cent of sensation to touch and pain 
was preserved in the second and third branch distribution. The pulling of a 
whisker in this region was keenly felt, though not quite so sharply as in a com- 
parable location on the opposite side. 

This case illustrates not only the advantage but the occasional neces- 
sity of a cerebellar approach to the fifth cranial root. It is also illustrative 
of the fact that the section may be accomplished through a relatively 
small opening (fig. 11). 

COMMENT 

These representative and carefully studied cases demonstrate, in my 
opinion, that it probably makes no significant difference from a physio- 
logic standpoint where the root is sectioned, provided comparable 
sections are made. So far the sections made by the subtemporal route 
have been far more extensive than those made by the cerebellar route. 
The subtemporal exposures were the earlier operations. Subsequently 
I became more courageous in deciding to cut less of the root. Even so, 
the results with the two exposures indicate a comparability. After devel- 
oping the cerebellar technic, I have chosen to use it in preference to 
the subtemporal for technical reasons and I believe that \yith the guillo- 
tine knife the section can be better controlled. 

However, there are contraindications for the cerebellar exposure, 
as Dandy has pointed out, for example, latent mastoid infection on the 
same side and deafness on the opposite side. 

I hope to further these studies by sectioning less of the root by 
the subtemporal exposure. 

In the last analysis, the neurosurgeon should be equipped and skilled 
to carry out both exposures, and thus lend the flexibilit}'^ to his decision 
in the given case that these two excellent operations can provide. 

A history of repeated injections of alcohol, particularly in the third 
branch, may become a contraindication to the subtemporal exposure. 

If there exists the slightest doubt concerning the possibility of a 
tumor in the cerebellopontile angle, the cerebellar approach is the method 
of choice, and the presence of such a tumor in 5 per cent of Dandy’s 
cases deserves consideration. Obviously a most careful examination of 
the patient with tic douloureux should be made before the operation 
with this in mind, and it appears that the presence of any significant 
organic lesion about the root would be made known by at least a dimin- 
ishing of the sensitive corneal reflex on the hoinolateral side. The 



98 


ARCHIVES OF SURGERY 


patient with “tic” is so war}' that the examiner probably often foregoes 
a careful examination, but for the ultimate good of the patient he should 
not do so. 

INJECTION OF ALCOHOL 

There was a time when the injection of alcohol deserved serious 
consideration as an alternative to section of the root. The most valid 
argument in its behalf was that it trained the patient to bear the numb- 
ness he must permanently endure should he consent to the operation.^® 
The situation is now reversed, for the possibilities of partial section of 
the sensory root offer the patient a cure with no significant subjective 
sensory loss, while injection of alcohol produces a total sensory loss in 
branch distribution. 

Injection of alcohol should, therefore, take its place among obso- 
lete treatments for tic douloureux. It may occasionally find jitstified use 
for patients with operation phobia and for those for whom surgical treat- 
ment of any kind would be a decided risk. 

Other compromises in the treatment of tic douloureux are seldom 
deserving of practical consideration at the present time. 

SUMMARY 

Tic douloureux is discussed from the standpoint of its possible 
cause and of the paradoxic phenomena that result from partial section 
of the root. Explanations for the latter are suggested. 

It is believed that many of the discrepancies in the results obtained 
by different operators may be due to degrees of avulsion of the root 
when the hook or the hook knife is used, of which the operator may 
not be cognizant. I have designed a guillotine knife which I find useful 
in obviating this difficulty when making the section at the pons. 

The subtemporal and the cerebellar approach are compared on the 
basis of my experience from surgical and physiologic standpoints. From 
purely surgical considerations, the cerebellar approach is preferred. 
From physiologic considerations, it is felt that it makes little difference 
where comparable sections are made in the root, so far as either the 
formation of corneal ulcers or the retention of sensation is concerned. 

The surgeon should be skilled in making both approaches, and his 
choice should be determined by careful preoperative examination. The 
indications and contraindications for the approaches should be evaluated 
for the given case. 

Partial section of the root can be done so as to eliminate the pain 
crises at least in the second and third branch distribution, and yet with 

18. Horrax, G., and Poppen, J. L.; Experiences with Trigeminal Neuralgia and 
Treatment Employed in Four Hundred and Sixty-Eight Patients During the Past 
Ten Years, Surg,, Gynec. & Obst. 61:394-402 (Sept.) 193S. 
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losses of sensation in the face so small as to be entirely unnoticed by 
the patient — a result that leaves little to be desired in the perfection of 
this operation. The differerice between partial and total section of the 
sensory root is of such great importance to the patient that every effort 
should be made to spare part of the root. It is my opinion that at least 
when the surgeon is dealing with pain in second and third branches a 
total section of the sensory root is an unnecessary mutilation and must 
be considered an obsolete operation. 

CONCLUSIONS 

1. A partial section of the sensory root of the fifth nerve can be done 
so as to abolish the pain crises and with such minimal sensory losses in 
the face as to cause no inconvenience to the patient. 

2. Sensory losses obtained by progressive sectioning of the root are 
diffusely disposed and seem to be of a combined branch and segmental 
distribution, with evidence of extensive overlapping. 

3. From a surgical standpoint, the cerebellar approach is preferred, 
but it requires experience in the cerebellar fossa, preater care is neces- 
sary than in the subtemporal approach. 

4. From a physiologic standpoint it probably makes no difference, 
so far as either the formation of corneal ulcers or the retention of sensa- 
tion is concerned, at what point in the root comparable sections are made. 
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TEIPING, CHINA 


Obliteration of one or both carotid arteries has not infrequentl)' 
been described as part of a widespread obstruction or total occlusion 
of large arteries given off from the aortic arch. Autochthonous throm- 
bosis limited to the carotid arteries seems to be rare and ma)' in fact 
never occur without some accompan 3 'ing change in the cerebral vessels 
or in the aorta, particularly if considerable time has elapsed since the 
onset of the primary process. This paper reports 2 instances in which 
thrombosis was found in the left internal carotid artery and a segment 
of the thrombosed vessel was excised, in the first case for diagnostic 
study and in the second case for therapeutic purposes. 

When occurring as part of a widespread thrombosis of the large 
vessels, involvement of the carotid arteries has often been attributed 
to arteriosclerosis. In some cases no other factors have been men- 
tioned.^ In many cases other processes, such as syphilis,- traction of 

From the Division of Neurology and Psychiatry and the Department of 
Surgery, Peiping Union Medical College. 
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Augenh. 78:63, 1927. 

(Footnotes continued on next page) 
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a distorted aortic arch which narrows the mouths of the large arteries 
at their origin from the aorta/ embolism ^ or other inflammatory reac- 
tions/ have appeared alone or in association with arteriosclerosis. When 
the carotid system has been the primary site of the thrombosis in the 
absence of trauma or tumor, the etiologic factor often has been obscure. 
More or less circumscribed arteriosclerosis ® or nonsyphilitic arteritis " 
also has been considered, and some reports have offered no suggestion 
as to the etiologic factor.® Carotid thrombosis associated with hyper- 

2. (a) Parsons, C. W. : Case of Occlusion of the Arteries Arising from 

the Arch of the Aorta, with Aortic Degeneration and Aneurisms, Boston M. & 
S. J. 9:400, 1872. (6) Lancereaux, E. : Des affections syphilitiques de I’appareil 
circulatoire [case, p. 59], Arch. gen. de med. 2:42, 1873. (c) Bernard, E. ; 

Gilbert-Dreyfus, and Foulon, P. : Processus d’obliteration complete de I’artere 
sous-claviere et de la carotide primitive gauches et incomplete de I’artere sous- 
claviere droite chez un aortique. Bull, et mem. Soc. mM. d. hop. de Paris 52: 
476, 1928. (ff) Toppich, G. ; Ueber nicht thrombotischen Verschluss der grossen 
Gefassostien des Aortenbogens, insbesondere des Ostiums der Carotis communis, 
Frankfurt. Ztschr. f. Path. 25:236, 1921. (c) Aldrich, A. L. : Occlusion of the 
Left Common Cartoid Artery: Report of a Case, U. S. Nav. M. Bull. 22:48, 
1924. 

3. Tiirk, W. : Arterieller Collateralkreislauf bei Verschluss der grossen 
Gefasse am Aortenbogen durch deformirende Aortitis, Wien. klin. Wchnschr. 
14:757, 1901. 

4. Cohn, cited by Penzoldt.®® Fraenkel,ii> case 1. 
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London 21:205, 1856. 

6. (o) Penzoldt, F. : Ueber Thrombose (autochthone oder embolische) der 

Carotis, Deutsches Arch. f. klin. Med. 28:80, 1881. (6) Kussmaul, case 1, cited 
by Penzoldt.®'^ (c) Chiari: Ueber das Verhalten des Teilungswinkels der 
Carotis communis bei der Endarteriitis chronica deformans, Verhandl. d. deutsch. 
path. Gesellsch. 9:326, 1906. (</) Harbitz, F. : Bilateral Carotid Arteritis 
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der Arteria carotis mit orbitalen Komplikationen, Arch. f. Augenh. 99:240, 1928. 
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tension has occasionally developed in the presence of abnormal reactions 
of the carotid sinuses, but the mechanism of this process has not yet 
been thoroughty worked out.® 

REPORT OF CASES 

Case 1. — A Russian aged ■47 years was admitted to the Peiping Union 
Medical College Hospital on Dec. 27, 1935. Although he had suffered considerable 
hardship and poverty during his life, he repeatedly denied trauma or infections 
other than “colds,” “stomach trouble” at the time of the World War and gonorrhea 
twenty years previously. He denied having had syphilis. Since about 1930 there 
had been increasing difficulty with vision. In the early spring of 1935, while 
working in timber concessions in Manchuria, he began to have short periods of 
numbness in the right arm and leg, for which he was admitted to the hospital of 
the Chinese Eastern Railway. On discharge he found work as a switch operator 
on the Chinese Eastern Railway at Harbin at tbe time the Japanese took over 
the administration of the railway. A friend stated that even then the patient was 
nervous, talkative, absent-minded and forgetful, concentrated on himself and worried 
about his physical condition. In the summer of 1935 he complained of being tired 
by the long hours of work and headaches, and his poor eyesight prevented him 
from seeing the railroad signals clearly from a distance. About a month after 
starting his work he threw a switch the wrong way and caused the wreck of a 
locomotive and seven empty freight cars. On one occasion he fell down while at 
work, with temporary “paralysis” of the right side and inability to talk. He was 
readmitted to the hospital of the Chinese Eastern Railway for a short time, after 
which he returned to the same work. By September 1935 he was “nervous all the 
time” and was subject to almost constant headache and to occasional attacks of 
weakness of the right side. His correspondence with his friends became disor- 
ganized, and on their advice he finally left Harbin, coming to Peiping on Dec. 9, 

1935. At that time he seemed constantly worried, had much difficulty in expressing 
himself, was slow to understand what was said to him and appeared emotional, 
with rather frequent exhibitions of tears. 

On admission to the Peiping Union Medical College Hospital his com- 
plaints were of headache, cold sensations in the right arm, the feeling that the 
right arm had dropped off, attacks of weakness in the right arm and leg, with 
accompanying inability to speak, impairment of memory, inability to find the words 
he wanted, noises in the head, poor vision, difficulty in sleeping and general 
nervousness. 

Physical examination showed vision of 6/9 in each eye and concentric con- 
striction of the visual fields but no consistent disturbance of motility, of sensation 
to objective tests or of the reflexes. There was gross difficulty in word finding, 
the patient being unable to express himself consecutively for more than a sentence 
or two and often being unable to produce a single word promptly in answer to a 
simple question about himself. Naming objects and colors, calculation, memory for 
sequence of remote and recent events, and right-left orientation of the body were all 

9. (a) Hiller, F. : Die Zirkulationsstorungen des Riickenmarks und Gehirns, 
in Bumke, O., and Foerster, O. : Handbuch der Neurologie, Berlin, Julius Springer, 

1936, vol. 2, p. 409. (h) Marinesco, G., and Kreindler, A.; Obliteration progres- 
sive et complete des deux carotides primitives; Acces epileptiques, considerations 
sur le role des sinus carotidiens dans la pathogenie de I’acces epileptique, Presse 
med. 44:833, 1936. 
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markedly impaired. The results of additional psychologic tests are given in table 1. 
The Wassermann reaction of the blood was negative; the blood pressure was 100 
systolic and 62 diastolic. On Feb. 12, 1936, one of us (H. H. L.) e.xposed the left 
carotid arteries, with the intention of injecting colloidal thorium dioxide for 
arterial encephalography. A needle was inserted into the internal carotid artery 
just distal to its point of origin. As the needle passed into the vessel the resistance 
of a solid structure was encountered, and it was impossible to withdraw blood. 
Repeated punctures were made in various directions with the same result. The 

Table 1. — Psychologic Tests Before and After Operation (Case 1) 


Tests 

Retention of digits (forward).... 

Retention of digits (backward).. 
Naming of colors 

Immediate visual memory 

Diagonal form board 

Rive figure form board 

Casuist form board 

Two figure form board 

Cube knob 

Repeating of syllables 

Mental arithmetic test 

Graded direetion tost 

Maze test 

Direction test 

Immediate logical memory 

Drawing of human being 


Clock tests 

Direct imitation 

Clock set to oral commands.... 

Telling the time 

Written commands 

Reading commands 

Setting clock 

Coin bowl test 

Oral commands 

Written commands in lull (not 

read aloud) 

Written commands in full 
(read aloud) 

Reading commands 

Following out commands 

Written commands in abbre- 
viation 


Before Operation 


Results 

Date 

4 digits; mental 

Jan. 15 

age, 4 yr. 

Failed 

Jan. 15 

None 

Jan. 15 

Poor 

Jan. 17 

Time, 3' 18"; 

Jan. 17 

errors, 37 

Errors, 20; 

Jan. 20 

time, V 30" 

Errors, 17: 

Jan. 20 

time, 4' 20" 

Failed 

Jan. 18 

Mental age, 0 yr. 

Jan. 15 

Mental age, 3 yr. 

Jan. 15 

Mental age, 0.3 yr. 

Jan. 23 

• 12 % (mark) 

Jan. 22 

Mental age, IS yr. 

Jan. 13 

C mo. 

Mental age, 5.7 yr. 

Jan. 22 

Remembered 1/18 

Jan. 18 

of material 

With double 

Jan. 23 

profile 

50% 

Jan. 21 

0% 

Jan. 21 

20% 

Jan. 21 

80% 

.Tan. 24 

07c 

Jan. 24 

17% 

Jan. 23 

257c 

Jan. 23 

75% 

Jan. 23 

5S7c 

Jan. 23 

8,3% 

Jan. 23 


After Operation 


Results 

Date 

5 digits; mental 

Feb. 20 

age, 7 yr. 

Failed 

Feb. 20 

Named correctly 

Feb. 20 

3 in 5 

Improved (?) 

Feb. 20 

Time, 1' 42"; 

Feb. 20 

errors, 27 

Errors, SO; 

Feb. 20 

time, 2' 39" 

Errors, 15; 

Feb. 20 

time, 1' 54" 

Failed 

Feb. 20 

Mental ago, 0 yr. 

Feb. 23 

Mental age, 5 yr. 

Feb. 25 

Mental age, 5.3 yr. 

Feb. 21 

207c 

Feb. 21 

Mental age, 12 yr. 

Feb. 27 

Mental age, 0.2 yr. 

Feb. 23 

Remembered 7/18 

Feb. 27 

of material 

Much better; 

Feb. 22 

without double 
profile 

53% 

Feb. 20 

07c 

Feb. 20 

307c 

Feb. 20 

1007c 

Feb. 27 

207c 

Feb. 27 

92rc 

Feb. 20 

50% 

Feb. 2G 

427c 

Fob. 20 

427c 

Feb. 20 

07% 

Feb. 25 


needle was then inserted into the lumen of the common carotid artery proximal to 
the point of bifurcation, and with the external carotid artery occluded by digital 
pressure, 10 cc. of thorium dioxide was injected. A roentgenogram which was 
taken as the injection was completed showed that none of the contrast medium 
had entered the internal carotid artery. Accordingly a small segment of the 
latter vessel was excised between ligatures of doubled medium-sized silk. The 
lumen of the artery was found to be filled completely with grayish material which 
on microscopic e.xamination proved to be an organized thrombus. 

On February 22 the patient said he felt much better and could “speak without 
stuttering.” There was less numbness in the right arm, less noise was heard in 
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the head and sleeping was improved. He said, “Everything is much better.” On 
February 23, 24 and 26 there was some headache, and the patient said he felt 
“nervous,” but on February 27 he was free from headache, and on the following 
day he announced that he felt "physically well.” Psychologic tests were repeated, 
and they confirmed a definite improvement in mental functions, as shown in table 1. 
The patient grew restless in the hospital and insisted on leaving, so he was disT 
charged on March 2. He soon afterward went back to Harbin, and further word 
from him has not been obtainable. 

Case 2. — A Chinese student of mathematics aged 27 years was admitted to the 
Peiping Union Aledical College Hospital on April 2, 1937. Thirteen months 
previously, while talking to friends at school, he suddenly became unable to speak. 
He started at once to walk home and fell down on the way without losing con- 
sciousness. He was taken by rickshaw to his residence in the city and the ne.xt 
day proceeded by rickshaw to his family’s home in the country. He felt drowsy 


Table 2. — Blood Pressure Before and After Operation (Case 2) 


Date 

Blood Pressure, 
Mm. Hg, 

Left Arm 

Date 

April 2... 

184/140 

May 10.. 

4... 

(200/142 right arm) 
142/104 

11.. 

5... 



7... 


12.. 

11... 

154/118 

13.. 

12... 


14.. 

17... 


15. . 

21... 

140/110 

10.. 

24... 


17.. 

25... 


18.. 

20... 

150/104 

19.. 

May 1... 


20.. 

9 

140/100 

21.. 

3... 


22 

7*.. 

162/114 

2.3.. 

8... 


24.. 


170/130 

25.. 

9... 

178/142 

20.. 


190/130 



* Operation. 


Blood Pressure, Blood Pressure, 

Mm. Hk, Mm. Hg, 

Left Arm Date Belt Ann 

172/134 May 27 13S/ 90 

148/12S 2S 124/ 90 • 

184/138 29 130/100 

172/130 30 120/ 90 

178/138 June 2 128/ 90 

18S/13S 3 132/ 96 

170/138 124/ 90 

lCS/128 4 120/ SS 

lCO/120 5 124/ 88 

100/120 0 126/ 88 

152/110 7 124/ 88 

150/100 8 134/84 

150/110 9 120/ 74 

152/102 11 130/ 90 

130/ DO 14 130/ 92 

130/ 90 18 124 / 82 

130/ 90 19 122/ 80 

140/100 20 118/ 60 

138/ 94 


and somewhat “confused,” but he knew where he was and with whom he was. 
Beginning on the second day paralysis and numbness of the right side gradually 
developed. He was unable to read Chinese characters, and for three months could 
make sounds but could not enunciate clearly. He then began to learn little by 
little to say some things intelligibly. Soon afterward he started to walk. He had 
to be fed for six months. With considerable effort he learned to read some 
characters and taught himself to write them with his left hand, but for six months 
his condition had been physically and mentally almost stationary. 

On admission to the hospital he was found to have hypertension (table 2) 
without cardiac enlargement. The neurologic examination showed his vision to 
be : left, 6/30 ; right, 6/20. There were nasal hemianopia of the left eye^ and 
contraction of a sector of the upper temporal field of the right eye, retinitis 
pigmentosa and hypertension of the retinal vessels. There was hemiplegia o 
the right side (the arm chiefly) of distal type, with corresponding signs o 
involvement of the pyramidal tracts and reduction of sensation of all sorts, 
including discrimination of form, weight, texture and Chinese characters trace 
on the skin, on the right side. There also was pronounced motor and receptive 
aphasia, calculation, reading and writing being especially affected. Detai s o 
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the psychologic tests before and after operation are given in table 3. Palpation 
of the common carotid arteries showed less amplitude of pulsation on the left 
side. Pressure over the right carotid sinus gave no indication of hypersensitivity 
of that structure. Pressure over the left sinus was consistently followed by deep 
and irregular respiration and by dizziness, but there was no change in pulse rate 
or blood pressure. Digitalization increased the effect of pressure over the left 
carotid sinus. The Wassermann reaction was negative for both blood and cere- 
brospinal fluid. On May 7 one of us (S. T. K.) exposed the carotid arteries on 
the left side and denervated the left carotid sinus. Thorium dioxide was then 

Table 3. — Psychologic Tests Before mid After Operation (Case 2) 


1. Motor Tests Before and After Operation 


Motor tests 

Before Operation 

After Operation 

Speed of cutting S 

24 min. 10 sec. 

13 min. 10 sec. 

Errors of cutting S 

IIS.S mg. 

51.2 mg. 

Speed of cutting star 

38 min. 17 sec. 

28 min. 32 sec. 

Errors of cutting star 

262.4 mg. 

158,6 mg. 

Tapping 

174 in so sec. 

178 fn 30 sec. 

Strength of right hand 

IKg. 

4 Kg. 

Strength of left hand 

32 Eg. 

41.S Kg. 



Steadier and better 

Speed of handwriting 

3% words in 40 sec. 

in strokes and fewer 
reversed words 

IS words in 40 sec. 

Tactile recognition of objects 

Eight hand 

Number of correct 

Number of correct 

answers, 17%; 

answers, 8%: 


average speed, 

average speed. 


8 sec. 

6.3 sec. 

I/eft hand .'. 

Number of correct 

Number of correct 


answers, 79%: 
average speed. 

answers, 71%; 
average speed. 



10.3 sec. 

0.1 sec. 

2. Mental Tests Before and After Operation 


Mental tests 

Intelligence tests 

I. Q., 4S 

I. Q., 54 

Interpretation of pictures 

44% 

33% 

Solution of problem situations 

75% 

C07o 

Form analysis 

07% 

84% 

Eepetition of digits 

30% 

30% 

Repeating digits backward 

14% 

14% 

Immediate reproduction of cube tapping.. 

33% 

60% 

Immediate reproduction of a paragraph.. 

27% 

40% 

Reorganization of dissected sentences 

0% 

0% 

Olock tests 

Errors, S; aver- 

Errors, 8; aver- 


age speed, 71 see. 

age speed, 54.7 sec. 

Immediate visual memory 

50% correct 

50% correct 

Understanding of separate abstract words — 

57% correct 

50% correct 

Reading of different words 

50% 

70% 

Understanding of the reading 

15.8% 

18% 

Drawing 


More details but 

Chinese puzzles 

•1 

lO'/O 

same ns before 
in general 

CC% 


injected into the left common carotid artery, and a roentgenogram was taken 
near the end of the injection. It showed filling of the external carotid artery and 
its branches but complete lack of visualization of the internal carotid artery. A 
small needle was then introduced into this vessel. It met uniform resistance, 
and blood could not be withdrawn, although the needle was finally pushed delib- 
erately all the way through the arterj'. Complete occlusion being demonstrated, 
a segment of the artery was excised, and the lumen was shown to be completely 
filled with an organized thrombus, as in case 1. After operation there was not 
much change in the condition of the patient. The blood pressure rose and then 
fell below the initial pressure, as shown in table 2. Resistance of the right ar.m 
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to passive movement on daily manipulation became somewhat less, and the patient 
became able to move the fingers of his right hand in isolated flexion and extension 
without overflow of movement to the whole arm, a procedure which he had not 
been able to carry out before the operation. He showed some subjective improve- 
ment in speech, but the psychologic tests demonstrated only slight improvement, 
if any, in mental function (table 3). 

COMMENT 

The S 3 anptoms of occlusion of the carotid arterj'’ have been discussed 
in an extensive literature on ligature of the carotid artery and will not 
be reviewed here. Information gained by the mental tests in the 2 cases 
reported in this paper, however, dcsen^es comment. The results of a 
number of tests of general intelligence showed a rather uniform reduc- 
tion of performance. This does not necessarily prove diffuse damage 
to the brain. The majority of tests commonly used to measure general 
intelligence are based on the use of words, often with special reference 
to word finding, the use of figures and the appreciation of certain visual 
relations. These functions have some local representation in the left 
parieto-occipital region of the brain in right-handed persons. With some 
appreciation of this emphasis in the structure of tests of intelligence, 
Kleist stated that intellectual disturbances increase in frequency and 
severity the closer the site of the wound is to the occipital lobes and 
to the region of sensory speech. Mental tests have considerable value, 
but their interpretation must be made from a broad point of view. 
Case 1 illustrates the difficulty in interpretation. The only consistent 
symptoms were concentric constriction of the visual fields and a reduc- 
tion of mental performance, which included defective word finding, 
calculation, right-left orientation of the body and memory. This sug- 
gested to one of us (R. S. L.) the original diagnosis of a vascular lesion 
in the left parieto-occipital region. It was the expectation of demon- 
strating such a condition that led to arterial encephalography, which 
provided the unexpected demonstration of thrombosis of the left inter- 
nal carotid artery. But even here, one is not justified in discarding all 
localizing value of these mental tests in view of the frequent occurrence 
of embolus or thrombosis or other vascular pathologic conditions in 
the brains of patients with carotid thrombosis examined at autopsy.^ 
Terminal branches of the middle cerebral artery appear to be most 
affected after occlusion of the carotid artery, and so the mental func- 
tions having some representation in the left parieto-occipital distribution 

10, Kleist, K. : Gehirn Pathologic vornebmlich a»f Grund der Kriegserfah- 
rungen, Leipzig, Johann Ambrosius Barth, 1934, p. 550. 

11. Fraenkel.^’’ Erb.^* Lancereaux.®'^ Gull.®'^ Penzoldt.®'^ Cluari.®« Harbitz.®^ 
Houwer.®® Wiillenweber.M Elschnfg,®® Agatston.®*^ Hyland.*® Hiller.®® Mari- 
nesco and Kreindler.®’’ 
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of these terminal arteries might be expected to be affected. A still wider 
point of view would take into account the importance of the left parieto- 
occipital region during evolution. The parietal lobes have undergone 
the greatest increase in volume, more than that of the much vaunted 
frontal lobes.^^ The ability to construct and use to an increasing degree 
of complexity such symbols as words, graphic signs and figures in cal- 
culation has a definite relation to the left parieto-occipital area. Since 
this aspect of intelligence is a high point in evolution, it might be one 
of the functions to be first and most markedly affected by any general- 
ized disturbance such as toxemia or interference with the nutrition of 
the whole brain. 

To summarize, in the 2 cases reported in this paper, mental tests 
showed a reduction of general intelligence, but this must be interpreted 
with caution since it may represent a diffuse change in the brain, perhaps 
nutritional, or it may indicate focal secondary damage in the most 
salient part of the vascular tree which springs from the left internal 
carotid artery. The frequency of secondary vascular lesions in the 
parietal lobes in cases of carotid occlusion makes the latter possibility 
seem likely. For the practical purposes of this paper the mental tests 
are not included with reference to localization in the brain but serve 
merely to indicate the comparison of the conditions before and after 
operation. From this standpoint the results seem important enough to 
be recorded in some detail in tables 1 and 3. 

The response to pressure on the carotid sinuses unfortunately was 
not noted in case 1. In case 2, pressure on the right carotid sinus had 
no effect, while pressure on the left sinus uniformly caused deep and 
somewhat irregular breathing and dizziness but did not produce any 
significant change in pulse rate or blood pressure. These S3'mptoms 
were intensified by digitalization. This was regarded as a somewhat 
abnormally sensitive sinus reaction of “cerebral t)"pe” and, in con- 
junction with a palpably reduced amplitude of pulsation in the left 
common carotid artery and fluctuation of the blood pressure between 
142 systolic and 104 diastolic and 200 systolic and 142 diastolic, led to 
the recommendation of surgical exploration of the left carotid region. 
It was predicted that denervation of the left carotid sinus would be 
followed by a rise of blood pressure which would later fall to a level 

12. Weidenreidi, F. : Observations on the Form and Proportions of tlie Endo- 
cranial Casts of Sinanthropus Pekincnsis, Other Hominids and the Great .Ajjes: 
A Comparative Study of Brain Size, Paiaeontologia Sinica, s. D. (no. 4), 1926, 
vol. 7. 

13. Weiss, S. ; Capps, R. B. ; Ferris, E. B., and }»funro, D. : Syncope and 
Convulsions Due to a Hyperactive Carotid Sinus Refie.v, .Arch. Int. Med. SS:407 
(Sept.) 1936. 
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controlled the presumably normal right sinus together with the other 
cardiovascular regulatory mechanisms. After denervation of the sinus 
and excision of a segment of the thrombosed carotid artery, the blood 
pressure behaved as expected (table 2). The exact role of the sinus 
in this case cannot be known, but it seems clear that it played an impor- 
tant part in the hypertension. An attractive hypothesis would be that 
the abnormal sinus reaction on the left side exposed the brain to bouts 
of high pressure under circumstances in which the blood was forced in 
freely through the vertebral arteries and the right carotid artery but 
not through the left carotid arter}'; this unbalanced increase of pressure 
seemed to intensify the difficulty of maintaining adequate blood flow 
through the smaller branches of the left middle cerebral artery and so 
hastened or actually brought about destruction of ganglion cells in this 
area of anoxemia. A direct reflex action on the cerebral vessels by the 
carotid sinus has been proposed and, if existent, would have a good 
setting for exhibiting its influence in this case. Another type of effect of 
the carotid arteries on cerebral circulation may be due to sympathetic 
fibers carried up the carotid arteries to the cerebral vessels. In the words 
of Leriche,^® an “obliterated artery ceases to be an artery and becomes 
a diseased sympathetic nerve." 

The etiologic factor in carotid thrombosis is not known. In neither 
case reported here was there positive evidence of syphilis. In case 1 
there was some bulging of the aorta to the right, with a markedly wide 
arch on fluoroscopy, but no other sign of arteriosclerosis or of h 3 'per- 
tension was presented. In case 2 there was definite and variable hyper- 
tension, but its etiologic relation to the carotid sinuses, on the one hand, 
and to the carotid thrombosis, on the other, is in no way clear to us. 
It may be significant that in both cases there was an increase of fibrous 
tissue around the carotid arteries. In case 1 the tissues in the neigh- 
borhood were more difficult to separate than usual, normal cleavage 
planes being partly obliterated as though an old inflammatory process 
had been present. However, a definite source of a local inflammatory 
process in the neck could not be found on physical examination or on 
repeated questioning of the patient. In case 2 there was an unusual 
amount of fibrous tissue outside as well as inside the carotid sheath. 
The reports of the pathologic examination of the excised arterial seg- 

14. Ask-Upmark, E.; The Carotid Sinus and the Cerebral Circulation, Copen- 
hagen, Levin & Munksgaard, 1935, pp. 23-37 and 262-266. Gollvvitzer-Meier, K., 
and Schulte, H. : Das V erhalten der Hirndurchblutung bei Reizung der Sinns- 
nerven, Arch. f. exper. Path. u. Pharmakol. 165:685, 1932. Bouckaert, J. J., and 
Jourdan, F. : Sinus carotidiens et circulation cerebrale, Compt. rend. Soc. de biol. 
121:1354, 1936. 

15. Leriche, R. ; Arterectomy in the Treatment of Localized .Arterial Oblitera- 
tions, Am. J. Surg. 14:55, 1931. 



CHAO ET AL.— THROMBOSIS, OF CAROTID ARTERY 109 

ments offer no explanation of the cause for the thrombosis, but there 
is comment on the absence of any significant arteriosclerotic change in 
the walls of the arteries. 

In case 1 no treatment was intended; excision of a segment of the 
artery was carried out for diagnostic purposes. It happened that the 
patient felt better after the operation; mental tests originally given for 
a different purpose were repeated, and they confirmed the improvement 
in mental performance. In case 2 the treatment was deliberately two- 
fold : denervation of an abnormally reacting carotid sinus and excision 
of a thrombosed carotid artery. 

The literature on denervation of the carotid sinus gives few clinical 
data relating to prophylaxis against pathologic conditions of the cerebral 
blood vessels. The procedure sometimes has been aimed at the pro- 
duction in persons with low pressure of a higher pressure, which 
in fact would be only temporary.^® It seems to us that its main value 
might lie in the prevention of cerebral ischemia by relieving irregular 
hypertension due to a hypersensitive sinus. Theoretically this is pos- 
sible, and the course of the blood pressure in case 2, so far as it goes, 
suggests that the denervation of the sinus made the brain safer from 
the effects of the previously existent irregularly high blood pressure 
and perhaps also from reflex effects on the cerebral vessels from the 
region of the carotid sinus and carotid artery. 

Excision of a segment of the thrombosed carotid artery was carried 
out in accordance with the principles described by Leriche.^° This pro- 
cedure could influence the cerebral circulation, especially in the distri- 
bution of the left middle cerebral artery, and thereby improve the 
corresponding mental functions. It was not technically easy to remove 
the entire obliterated internal carotid artery, and for this reason it was 
not done, in spite of Leriche’s recommendation that the entire occluded 
artery be resected. But at least the removal of a thrombosed segment 
interrupted the continuity of sympathetic impulses in the walls of the 
artery. Definite improvement followed this procedure in case 1. This 
cannot be attributed to psychologic influence alone. The pathologic 
observations were explained to the patient soon after the opeiation. 
He did not expect a cure from the operation, and he was also growing 
restless in the hospital even before the postoperative testing was com- 
pleted. The improvement must be regarded as an increase in actual 
mental ability to perform the tasks and was obvioush' not due to a 
better attitude or more concentrated effort in doing the tests. The factor 
of learning cannot play a significant part in view of the large battery 
used in the testing and the fact that each task was done only twice. 

16. Lericlie, R. ; Fontaine, R., and Froehlich, F. ; L’enervation sinu-carotidienne 
cst-elle permise au point de vue physiologique? Presse nied. 43:1217, 193;. 



110 


ARCHIVES OF SURGERY 


once before and once after the operation. It should be noted that in 
case 1 relatively little neurologic evidence of irreversible damage to the 
brain was presented even before the operation. In case 2 the results of 
operative therapy were not so striking. There were a little increase in 
facility of individual movements with the right hand and fingers, some 
change in subjective sensation on the right (feeling of warmth, etc.), 
subjective improvement in word finding and writing, and better speed 
and accuracy in tests of motility, including handwriting; but from other 
mental tests there was only slight objective evidence of any significant 
improvement in mental ability. In contrast to case 1, in case 2 there 
was a history of a stationary condition for several months before the 
operation, during which the motor, sensory and mental findings implied 
considerable irreversible damage to the brain. 

Finally, the experience gained in these 2 cases suggests a thera- 
peutic formula. For a patient with symptoms of a cerebral vascular 
disturbance in the parietal region, with a unilateral reduction of pulsa- 
tion in the common carotid ai'tery and with a unilateral abnormal 
response of the carotid sinus on the same side, especially in the presence 
of hypertension, surgical exploration of the extracranial carotid system 
seems justified. In such cases denervation of the sinus may have pro- 
phylactic value against further damage to the cerebral blood vessels. 
Moreover, at the time of the exploration the carotid arteries can be 
examined, and if thrombosis is found, excision of the thrombosed artery 
may be carried out. The degree to which this procedure may be thera- 
peutically effective will be limited by the extent of irreversible damage 
to the brain cells which has already taken place before the operation. 

SUMMARY 

Two cases of thrombosis of the left internal carotid artery of 
undetermined etiologic origin are reported. The first patient had rela- 
tively little evidence of irreversible damage to the brain and after a 
segment of the thrombosed artery was excised showed definite improve- 
ment in subjective feelings and in the performance of mental tests. 
The second had hypertension and signs of considerable damage to the 
brain. After denervation of the left carotid sinus and excision of a 
segment of the thrombosed artery, the blood pressure rose and then 
fell to a rather constant normal level. There were definite improvement 
in subjective feelings and in some motor abilities but only slightly better 
performance of other mental tests. 

The syndrome consisting of signs of vascular disturbance in the 
distribution of the middle cerebral artery, with unilateral reduction in 
amplitude of pulsation in the common carotid artery and unilateral 
abnormal reactions of the carotid sinus on the same side, especially if 
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hypertension is present, is proposed as adequate indication for surgical 
exploration of the extracranial carotid system. In such cases dener- 
vation of the carotid sinus may have prophylactic value against later 
ischemic changes in the brain by protecting it from excessive altera- 
tions of blood pressure due to the hypersensitive sinus and perhaps by 
interrupting an abnormal chain of reflexes between the carotid artery 
and the cerebral vascular system. At operation, if thrombosis of the 
carotid artery is found, excision of a thrombosed segment may be 
definitely therapeutic but may be limited by the degree of the previous 
damage to the brain. 
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The pilonidal sinus is an extremely interesting and troublesome 
lesion and has been the subject of much speculation and study. It is 
more common than physicians are wont to believe and is often unrecog- 
nized or confused with other lesions. It is found posterior to the sacrum 
and the sacrococcygeal region and is variously described as sacrococ- 
cygeal cyst, dermoid, coccygeal fistula, a sacral sinus or postanal der- 
moid. This confusion is characteristic not onl)'^ of the nomenclature 
but also of the etiology, pathology and treatment. 

The purpose of this paper is twofold : first, to review briefly the 
subject of pilonidal sinus, because this information may be essential in 
determining the operative method to be employed; second, to report 
and discuss four years of experience with the use of a sclerosing solu- 
tion in the treatment of this disease. 

ETIOLOGY 

There are two prevalent theories of the cause of pilonidal sinus. 
The first, advanced by Tourneux and Herrmann ^ in 1887, is that the 
condition is due to the persistence of coccygeal vestiges of the neural 
canal. Mallory ^ in 1892, Oehlecker ® in 1926, Gage * in 1935 and others 
made worthy contributions advocating this embryologic theory of the 
formation of the pilonidal sinus. The second theory, postulated by 
Lannelongue ° from 1882 to 1886, is in effect that these sinuses are due 
to faulty median skin agglutination of the sacrococcygeal region. Lan- 
nelongue was supported in this contention by Aschoff ® in 1895, Stone ’’ 

From the proctologic service of the Elgin State Hospital. 

1. Tourneux, F., and Herrmann, G. ; J. de I’anat. et physiol. 23:498, 1887. 

2. Mallory, F. B.: Am. J. M. Sc. 103:263, 1892. 

3. Oehlecker, F. : Deutsche Ztschr. f. Chir. 197:262, 1926. 

4. Gage, M. : Pilonidal Sinus : Explanation of Its Embryologic Develop- 
ment, Arch. Surg. 31:175 (Aug.) 1935. 

5. Lannelongue: Bull, med., Paris 3:371, 1889; Bull et mem. Soc. de chir. de 

Paris 7:185, 1882; 12:460, 1886. _ 

6. Aschoff, L. : Cysten, in Lubarsch, O., and Ostertag, R. : Ergebnisse der 
allgemeinen Pathologic, Wiesbaden, J. F. Bergmann, 1895, p. 456. 

7. Stone, H. B. ; Ann. Surg. 79:410, 1924 ; 91:317, 1931, 
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in 1924, Breidenbach and Wilson ® and also by Fox ® in 1935, and many 
others. It is imperative, therefore, to bear in mind that, assuming that 
the earlier theory of Tourneux and Herrmann is correct, a communica- 
tion may exist directly between a pilonidal sinus and the neural canal, 
or it may exist indirectly through an anterior tumor. In such an instance 
the method of treatment here to be advocated is definitely contradicted. 

PATHOLOGIC PICTURE 

The pathologic condition consists of an acute or chronic inflamma- 
tion of a localized area in the sacrococcygeal region. A single, skin- 
lined round or oval orifice is seen in the midline about 1^^ to 2 inches 
(3.7 to 5 cm.) from the tip of the coccyx. This orifice, from which a 
tuft of fine silky hair may protrude (this was seen in onty 2 cases in 
our series), leads into a skin-lined main tract (fig. lA). The tract 
varies in length from 3 to 7 cm. It runs upward and occasionally down- 
ward for a very short distance unless it is associated ivith a fistula in 
ano like that in the case reported by Warman.^“ One of our patients 
presented this rarity. A bulbous pouch (fig. IB) is frequently found 
at either end of the tract; or there may be a number of sacculations, 
existing as separate cavities, which may communicate with each other 
or with the main tract by means of lateral tracts ; or some of these may 
drain through external orifices in the skin. Subsidiary orifices caused 
by extension of the infective process may be found in the midline or 
to one or the other side of it. These vary in size, are irregular and dis- 
colored and are usually filled with granulation tissue and purulent 
material. 

The dispute as to the histologic picture is interesting. Breidenbach 
and Wilson ® maintained that the cutaneous appendages described by 
others could not be found. They detected areas of acute or chronic 
inflammation with numerous foreign body giant cells, some hair without 
the hair follicles, small islands of squamous cells, either free or doubt- 
fully attached to the lining of the cyst, and squamous epithelium at the 
entrance of the sinuses. Oehlecker ® made careful microscopic studies, 
including serial sections, but found no epithelial structures. Neither 
was nerve tissue seen by these observers, although Gage,^ in his study 
of the subject, described glial tissue beneath the epithelial lining in 
lesions which extended as far as the dura. However, tiie presence of 
cutaneous appendages, such as hair follicles, sebaceous glands and sweat 
glands, described by Gussenbauer ” in 1892 and by Crone’" in 1917 as 

S. Brcidenb.icli, L., and Wilson, H. L.: Ann. Surg. 102:-155. 1935. 

9. Fo.x, S. L. : Surg., Gynec. & Obst. 60:137, 1935. 

10. Warman, W. M. : West Virginia M. T. 32:80, 193('). 

11. Gusscnbauer, C. : Prag. med. Wclinscbr. 18:4-41, 1893. 

12. Crone, E. : Muncben. njcd. Wclinscbr. 61:521, 1917. 
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appearing in the cystic tissue of such lesions, was confirmed recently 
by Stone,' Fox,® Rogers and Hall and others. 

Since no radical excisions were performed in the cases in our series, 
we secured only small sections of tissue for study. Figure 2 shows a 
section taken from a typical sinus ending in a pouch. A well developed 
hair follicle surrounded by connective tissue, round cell infiltration and 
fat cells, was the only one discovered deep under the epithelial surface. 



Fig. 1. — A, typical appearance of a chronic pilonidal sinus. The sinus is 
situated, as usual, in the midline of the sacrococcygeal region. Mercurochtoine 
has been applied for visualization of the multiple orifices. The distal orifice is 
skin lined and is the congenital opening into the sinus. The one immediately above 
and another at the proximal end and to the left are secondary to a spontaneous 
rupture of abscesses, the latter being considerably larger, gaping, elevated an 
inflamed. Two pouches were found communicating with the main tract, the lower 
one draining through the small openings and the upper one draining indirect y 
through the large ragged opening. This proximal pouch was completely filled wi i 
fine hair packed tightly into a ball. B, roentgenogram of a pilonidal sinus after i^ 
injection of iodized poppyseed oil. The narrow tract terminates in a pouci a 
the proximal end. 

iTr^s, H., and Hall, M. G.: Pilonidal Sinus: Surgical Treatment and 
Pathologic Structure, Arch. Surg. 31:742 (Nov.) 1935. 
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The sinus from which this section of tissue was taken was injected with 
iodized poppyseed oil and a roentgenogram was taken (fig. IB), as 
suggested by Brams.^'‘ 

DIAGNOSIS 

Despite the fact that the lesion characteristic of this disease is typi- 
cal, the condition is frequently misdiagnosed. A thorough proctologic 
examination, including sigmoidoscopic, anoscopic and roentgenologic 
study, should be made in every case before any treatment is decided on 
or attempted. In the early stage, when no infection is present, one may 
find only a dimpling of the skin or a small skin-lined orifice leading into 
a tract directed upward for a variable distance. When the condition is 
acute, there ai'e tenderness, swelling and redness over the lower part of 



Fig. 2. — Section of tissue removed from the cj'stic portion of a sinus, showing 
a well developed hair follicle surrounded by connective tissue, round cell infiltration 
and fat cells. 

the sacrum in the midline between the buttocks about 2 inches (5 cm.) 
posterior to the anal verge ; or the process may extend down on either 
side of the buttocks. 

Pilonidal sinus must not be confused with fistula in ano, ischiorectal 
abscess, simple furuncle, sebaceous cyst, tuberculosis, osteomyelitis, 
lipoma, inflammation of the congenital tumors, anthrax or actinomy- 
cosis. 

INCIDENCE 

The pilonidal sinus is common and occurs in early adult life. In con- 
formity with the experience of others, the ages of the patients in our 
series of cases ranged from IS to 51 years f see table). Men predom- 


14. Drams, .T. : Radiology S:24S. 1927. 
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inated over women in a ratio of 8 to 3. There were no Negro patients. 
The majority of the patients were of the obese hirsute type. One patient 
was tuberculous, 1 was paretic and 1 was convalescent after encephalitis. 

SYMPTOMS 

The early dimple stage is usually S 3 '-inptomless. The acute stage is 
characterized by swelling and b)' severe pain over the sacrococcygeal 
region and over the lower part of the back. The pain radiates down one 
or both thighs or to the rectum, is rather constant, varies in intensity 
and is aggravated by sitting, by walking and sometimes by defecating. 
There may be fever, chills and malaise. In the chronic stage the chief 
complaint is a dull aching pain in the involved region on walking or 
sitting, a discharge of pus which often causes itching, an odor and 
the presence of hair in the orifice leading into the tract. 

PROGNOSIS 

Recurrence appears to be the bane of almost every radical procedure 
employed in the treatment of this disease. The condition frequently 

Distribuiton of Paticiiis According io Age and 3’c.v 


Age 18 21 23 24 2S 34 39 41 40 51 

Number of patients 2 1 1 3 1 1 1 1 1 1 

Sex P P M M M M M M M M 


demands a second operation, and occasionally, repeated surgical inter- 
vention is necessary. A perusal of some of the figures is interesting. 
Weinstein,^® Ferguson,^® Thomason and Rogers and Hall (third 
series reported no recurrences; Colp,^® Ottenheimer,^® Smiley,"® 
Lynch and others did not mention the exact percentage of recurrences 
in their series of cases, alluding only to their frequency. However, 
Worter -- reported 15 per cent, Owen 5 per cent, Breidenbach and 
Wilson® an average of 35 per cent. Glenn®* 17 per cent, Cattell and 
Stoller about 22.5 per cent and Stone ^ 5 to 8 per cent when the opera- 

15. Weinstein, M. : Ann. Surg. 97:80, 1933. 

16. Ferguson, L. K. ; Ann. Surg. 101:469, 1935. 

17. Thomason, T. H. : Ann. Surg. 100:585, 1934. 

18. Colp, R. : S. Clin. North America 9:695, 1929. 

19. Ottenheimer, E. J. : Am. J. Surg. 21:120, 1933. 

20. Smiley, K. E.; Am. J. Surg. 27:298, 1935. 

21. Lynch, J. H.; Nebraska M. J. 19:20, 1924. 

22. Worter, C. W. ; Tr. Am. Proct. Soc. 29:13, 1929. 

23. Owen, H. R. ; S. Clin. North America 14:117, 1934. 

24. Glenn, F. : New England J. Med. 207:544, 1932. 

25. Cattell, R. B., and Stoller, L. W.: New England J. Med. 206:110, i 
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tion was in good hands and up to 35 per cent in other cases. Rogers 
and Hall (first and second series in a comprehensive study in which 
they found 19 per cent recurrences in original cases and 75 per cent in 
acute and recurrent ones concluded that one must avoid radical excision 
to assure satisfactory results. They depended on the removal of all dis- 
eased tissue present at the time of operation and present in the wound 
during the process of healing. 

Residual symptoms in the scar after radical excision have also been 
mentioned. Lahey -® recommended the pedicle flap to obviate this unde- 
sirable sequela. Rogers and Hall reported residual S)'mptoms, such 
as pain, discomfort 'and numbness, in 39 per cent of patients oper- 
ated on. 

In our series of 11 cases of pilonidal sinus observed during a period 
of four years there was neither a recurrence of the sinus after the oper- 
ation nor a complaint of any untoward scar symptoms. 

TREATMENT 

Three types of operation are employed for the eradication of this 
lesion : 

1. Nonambulant radical excision. This, of course, is the method 
of choice for the majority of surgeons. There are various modifications 
of the same procedure, such as primary closure, partial closure, open 
packing and a combination of these. 

2. Ambulant radical excision. This method appears to be an 
improvement and is certainly worthy of favorable comment. Two 
different procedures have been employed, with a striking resemblance 
in the manner of approach. There is a deliberate attempt to conserve 
skin and at the same time to excise extensively the underlying tissue. 
This in our opinion is an important and logical course to pursue. Pri- 
mary suture has been employed b}' Ferguson in selected cases in 
which the patient was well prepared, with onl}^ 1 recurrence in 21 cases. 
This single recurrence was observed in a patient in whom the acuteness 
of the condition was regarded by Ferguson as a contraindication to 
immediate intervention. The cautery metliod described by Stanton has 
been employed bv Rogers and Hall in a series of 50 cases, with no 
recurrences and excellent results. 

3. Ambulant simple incision followed by repeated applications of 
a sclerosing solution. This is. in our opinion, the most satisfactory 
and effective means available for the eradication of this annoying con- 
dition. It is entirelv ambulant, is painless, requires no sedation and 
leads to no recurrence or residual symptoms. Even the most comjli- 

26. L.nhcy, F. H. : Sure., Gyncc. Of'st. 48:109, 1929. 
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cated sinus, consisting of many lateral tracts and pouches, lends itself 
to this treatment. There is an immediate relief from pain and a gradu- 
ally increasing freedom from odor and discharge. The fact that infec- 
tion is immediately checked or entirely eliminated after the first few 
applications of the solution is of inestimable value. This observation 
seems to refute the generally accepted theory that the proximity of the 
anus to the operative wound is the cause of persistent infection. This 
condition is probably due to the retention of infected tissue in the 
wound. 

Most of the tract is usually obliterated, and the remaining portion 
is free of infection and completely fixed after a few treatments. If 
incomplete healing does occur, further incision and excision may be 
accomplished ambulantl}'' without fear of recurrence or of any other 
untoward effect. We resorted to subsequent incisions when unexpected 
bridging had occurred or when a tract had been overlooked, and in 
some cases to the excision of portions of the lesion for microscopic 
study, without in any way retarding the healing progress of the wound. 

The preparation used is a modification of Carnoy’s solution, con- 
sisting of absolute alcohol 6 cc., chloroform 3 cc., glacial acetic acid 
1 cc. and ferric chloride 1 Gm. This solution was described and sug- 
gested by Cutler and Zollinger in 1933. 

Despite condemnation by Colp and the unfortunate experience 
of Rogers and Hall in 1 case, we feel that the method is sound 
surgically and is superior to all other methods proposed. Smiley 
reported success in the treatment of the condition in 3 simple cases 
over a period of six months ; we have successfully treated it in 11 cases, 
not selected, over a period of four 3 'ears. In 8 of these the treatment 
was given in the office; in 1 it was given in a tuberculosis sanatorium, 
and in the other 2 it was given in a state hospital for the insane. 

Ambulant nonoperative treatment by galvanic current was employed 
with success in 1 case by Maillard.*® Crookall resorted to the use 
of silver nitrate flakes and a silver nitrate stick in 2 cases with satis- 
factory results. The treatment, however, was cumbersome, and the 
patient complained of severe pain and hemorrhage. 

TECHNIC OF THE SCLEROSING TREATMENT 

This method of treatment is employed exclusively in all cases of 
pilonidal sinus, whether the condition is acute or chronic and whether 
it is simple or complicated. 

27. Cutler, E. C., and Zollinger, R.: Am. J. Surg. 19:411, 1933. 

28. Maillard, E. R. : Nonsurgical Treatment of Pilonidal Cyst, J. A. M. A. 
93:1383 (Nov. 2) 1929. 

29. Crookall, A.: Tr. Am. Proct. Soc. 28:32, 1928. 
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is then removed, and the wound is jiacked carefully, as before, with 
iodoform pMuze. A proper dressinj^ is apjdicd. This process is repeated 
every three or four days until comiiletc healing ensues. 

It is imperative to prevent bridging over hy frequently and carefull)' 
testing the forming scar for any areas of defective healing. We found 
it necessary occasionally to incise two or three times to insure the for- 
mation of a solid scar. IJglit curettage may be necessary, but if it is 
too vigorously done or too often repeated it may retard the healing of 
the wound. 

The most satisfactory dressing (fig. 3), in our opinion, is applied 
as follows : The packed wound is covered with a few layers of sterile 
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gauze about 2 inches (5 cm.) square. Strips of adhesive plaster 1 inch 
(2.5 cm.) wide and 4 inches (10 cm.) long are so placed that one half 
of the width covers the dressing and the other half the skin. Four 
strips are used for the entire dressing. 



Fig. 3. — Suitable dressing, simple and sufficient for the absorption of all dis- 
charges. It is comfortable, and the patient’s underclothing is seldom soiled. 



Fig. 4. — Thin, linear white scar left after healing. In every case the wound 
healed completely. The scar is firm, movable and free from residual symptoms. 


The bleeding in the cases in our series was insignificant and was 
completely controlled by the hemostatic properties of the solution and 
by packing, which is of prime importance in this procedure. The post- 
operative pain was trivial. A few patients complained of some discom- 
fort for an hour or two after the treatment, but no patient complained 
of disabling pain. A remarkable feature was the total absence of puru- 
lent discharge in most cases after the first application of the sclerosing 
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solution. A persistent discharge or odor, which disappeared after a 
few treatments, was noted in 2 cases. There was rapid filling in of 
healthy granulation tissue. The minimum time required for complete 
healing was about four weeks, and the maximum was ten weeks. The 
number of treatments varied from a minimum of eight to a maximum 
of twenty-two. The total average number of treatments after the initial 
incision was 16.2. There was absolutely no hospitalization, no loss of 
time from work or pleasure and no recurrence. In every instance a 
firm, simple, freely movable incisional scar formed, completely free 
from residual symptoms. 

REPORT OF CASES 

We submit a brief abstract of 4 of the 11 cases in which the con- 
dition was treated and observed during a period of four years aird 
complete and permanent cure resulted. 

Case 1. — H. K., a man aged 23, had a history of trauma six months prior 
to the formation of an abscess which ruptured spontaneously and drained con- 
tinuously for a period of two years. 

The patient was underweight and tuberculous. He was not hirsute. No previ- 
ous treatment had been given. He complained of discharge, of odor and of pain 
and discomfort when sitting or walking. Examination disclosed a single skin- 
lined orifice in the midline, leading into a tract about 4 cm. long. Purulent dis- 
charge and odor were present, but there was no hair. A primary vertical incision 
and two subsequent incisions of the tract were made, and nineteen applications 
of the solution were administered during a period of sixty-nine days (July 10 to 
Sept. 17, 1933). There was no discharge or odor, and very little pain was noticed 
after the first treatment. There was a freely movable scar. There were no 
complaints of residual symptoms. No recurrence was observed. 

Case 2. — C. F., a man aged 24, had a history of trauma seven years prior to 
the onset of an acute abscess. The abscess was "lanced” and treated as a 
“carbuncle” three times between 1927 and 1929. 

The patient was obese and hairy. He complained of periodic discharge of 
pus, of odor, of pain, of discomfort when sitting or walking and of the presence 
of loose strands of hair extruding from the opening in the wound. Examination 
disclosed a single skin-lined discharging orifice in the midline and two secondarj' 
orifices about 2 cm. above, one to the right and one to the left. A tuft of hair 
was seen. Swelling and discoloration were present. There was a traet about 5 
cm. long. A primary crucial incision followed by seventeen applications of the 
solution during a period of sixty-one days (June 24 to Aug. 25, 1934) gave excellent 
results. There was no discharge, no odor and no pain after the first four treat- 
ments. There was a deep saddle-like scar, freely movable and entirely symptom- 
less. No recurrence was observed. 

Case 3. — H. K., a man aged 34, had no previous history of trauma. He sud- 
denly noticed a “boil” which ruptured spontaneously and drained periodically for 
a period of two years. No previous treatment had been received. 

The patient was obese and hairy. He complained of pain, discomfort on sitting 
or walking and of periodic purulent discharge. A discharging skin-lined orifice 
was found in the midline, and a secondary orifice was seen about 3 cm. above 
and to the left. No hair was noticed. A primary vertical incision was made fol- 
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lowed by nine applications of the solution over a period of thirty days (Aug. 4 
to Sept. 4, 1935). The patient had some discomfort for periods varying from one 
to three hours following the first two or three treatments, but no discomfort was 
felt afterward. The results were excellent ; no pain, discharge or odor was 
present after the third treatment. No residual symptoms were noticed in the 
freely movable scar. There was no recurrence. 

Case 4. — G. C., a woman aged 18, had a history of trauma four years prior 
to the onset of an acute abscess which ruptured spontaneously one year prior 
to this treatment. No previous treatment had been received. 

The patient was well developed but not obese. She complained of periodic 
purulent discharge and of pain and discomfort when sitting or walking. Exam- 
ination disclosed two discharging orifices, one (skin lined) in the midline and 
the other about 4 cm. to the right. The tract measured about 5 cm. in length. 
A primary vertical incision was made with a lateral incision to the right, exposing 
the tract and a pouch. No subsequent incisions were made. Eighteen applications 
of the sclerosing solution were given over a period of seventy-six days (Oct. 7 
to Dec. 23, 1935). The results were excellent. The patient had no pain after 
the first treatment; there was no discharge and no odor. There was a freely 
movable scar. No residual symptoms were observed. 


SUMMARY AND CONCLUSIONS 

A brief review is presented of the essential features of the subject 
of pilonidal sinus and of its controversial phases. 

A thorough study of the anus, the rectum and the colon of every 
patient is imperative before a diagnosis of pilonidal sinus is made and 
the sclerosing treatment instituted. 

Eleven patients afflicted with pilonidal sinus were treated with sim- 
ple incision and the application of a sclerosing solution during the past 
four years. 

Every patient was ambulant during the entire course of treatment, 
and no hospitalization, loss of time or extraordinary expenditure was 
required. 

The treatment was painless except for discomfort experienced by 
the patient for a very short period after the application of the solution 
in the early stages of the treatment. 

A very small linear and movable scar formed, free from all residual 
symptoms. 

There was no recurrence in any of the cases in this series. 

Pilonidal sinus is, in our opinion, particularly amenable to the scler- 
osing treatment, and the essential requirements are simple but must be 
judiciously fulfilled to assure success. 

We are convinced that this procedure for the eradication of this 
annoying lesion is vastly superior to any other heretofore employed. 

The solution of butyn was supplied by the Abbott Laboratories, North 
Chicago, 111. 

185 North Wabash Avenue. 


A NEW APPARATUS FOR MAINTAINING HOT 
COMPRESSES AT CONSTANT TEMPERATURE 


KENNETH L. COOLEY, M.D. 

ROCHESTER, N. Y. 

That hot wet dressings are definitely of value in the treatment of 
certain conditions is an unquestioned fact. Also it is readily acknowl- 
edged that the efficiency of the compress is in direct ratio to the con- 
stancy of its temperature. How to maintain hot wet compresses at 
constant temperature has been the problem for solution. While mak- 
ing daily rounds of the wards I have found compresses too cold or, 
on occasions, have encountered evidence of their having been applied too 
hot. It was this circumstance that prompted me in 1933 to start experi- 
mental work on the subject. The inadequacy of the present methods is 
expei'ienced in all hospitals, large or small, and this experience is no 
reflection on a busy nursing staff. 

Five objectives for which one should strive in using a hot compress 
were first listed as follows : 

1. Constant or nearly constant temperature at the surface of the 
skin. 

2. A simple method for keeping the compress moist. 

3. A means of checking the temperature at the surface of the skin 
at all times. 

4. Safety with minimum attention from the nurse or attendant. 

5. Comfort for the patient. 

As 108 to 110 F. was the generally accepted temperature at which 
hot compresses should be applied, this temperature was first assumed as 
the objective. An ordinary electric heating pad was obtained and its 
thermostats set at 120 F. It was felt that 10 to 12 degrees would approxi- 
mately compensate for heat lost by the absorptive action of the body, 
by radiation or by the insulation of the cloth compress between the heat- 
ing unit and the skin. This heating unit was then covered with rubber 
to make it waterproof. 

Experiments with different fabrics soon showed tiiat outing flannel 
was best suited for the cloth part of the compress, because of its ability 

From the Orthopaedic Service of the Hospital for the Ruptured and Crippled 
and the Surgical Service, Genesee Hospital. 
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to absorb solutions. A standard thickness was deemed necessary for 
all cloth compresses used. Four ply flannel compresses were then con- 
structed because this thickness seemed to be approximately correct. 

The heating unit was preheated by plugging it into a socket and 
waiting until it attained its maximum temperature — 120 F. Then the 
outing flannel compress was dipped into a 5 per cent solution of mag- 
nesium sulfate at 112 F. and placed on the skin with a thermomenter 
between it and the skin. The heating unit was then superimposed and 
fastened in place by ties. I was somewhat surprised to note that in 
several repetitions of the experiment the temperature at the surface 
of the skin persistently dropped to 100 F. or less in ten to fifteen min- 
utes. Consideration was then given to the physiologic factors regulating 
the heat in the body. It became evident that more heat was necessary 
in the heating unit to overcome the refrigerating action of the body. 
Therefore, the thermostats were gradually “set up” in an effort to 
attain a iiwss of heat which when liberated from the resistance coil in 
the heating unit would be sufficient to overcome the absorption of heat 
by the body and to keep the compress at the surface of the skin at 108 
to 110 F. This objective was finally accomplished in the case of a certain 
normal person, at one particular part of the body, when the thermostats 
were set at approximately 170 F. That most of the loss of heat was 
not due to radiation was demonstrated when the apparatus was placed 
on an inanimate object, such as the top of a table. It was noticed that 
the temperature between the flannel compress and the top of the table 
soon approached 170 F. 

Several heating units were then built and experiments made on 
different parts of the body in the same person and on corresponding 
surfaces of the body in different persons. It soon became evident that 
no two persons and no two parts of the body in the same person absorb 
the same amount of heat. The nature of the pathologic process also was 
found to be a definite factor in determining how much heat would be 
absorbed. For normal persons the amount of heat necessary to obtain 
a constant temperature at the surface of the skin seemed to depend on 
the following factors primarily: 

1. The size of the body and its blood volume. 

2. The temperature and humidity of the room. 

3. The vascularity of the specific part of the body being heated and 
of the adjacent structures. 

4. The pressure of the compress against the heated part. 

Because of these factors it was concluded that in order to produce 
the desired temperature the mass of heat applied to any given area 
of the body must be readily alterable within wide limits. Therefore, a 
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rheostat of sufficient potential resistance to allow for these variable 
factors was introduced into the system. 

Automatic thermostats to control the heat in conformity with this 
requirement were considered but given up. For reasons already men- 
tioned, the control would have to be at the surface of the skin. This 
was felt to be mechanically and economically impracticable even if such 
a control could be developed. 

At this stage of investigation a definite stumbling block was encoun- 
tered, namely, the discovery of hot spots in the compresses. These 
resulted in a superficial burn in 1 case. They were easily located experi- 
mentally and were much more noticeable in the double compress to be 
described later. In these double compresses in which the hand, with 
the fingers spread, was inserted between two units, the temperature 
between the fingers soon built up to approach that in the resistance coil 
above and beneath it. The reason for this was simply that in the areas 
of the cloth compress not in contact with the skin there was no absorbing 
mechanism to carry a part of the heat away. If the hand was moved 
so that these areas came in contact with the skin, the latter was then 
exposed to increased temperature, often sufficient to cause disintegration 
of the epithelium. The same difficulty was encountered to a lesser degree 
with the single compresses because of increase in the mass of wire at 
the turning points of the wiring. Furthermore, a peripheral part of 
the applied compress often became raised from the corresponding area 
of the skin with a resultant rise in its temperature. 

Various methods for overcoming this difficulty were the object of 
experiment for over a year. Finally it was found that when the heating 
unit was wired in the design of an involute coil (fig. 1) no hot spots 
developed. The involute coil concentrated the mass of heat liberated at 
the center of the compress with gradual diminution toward the periphery, 
although the temperature of the resistance wire was the same throughout. 
When the compress was in use, the thermometer lying at the surface of 
the skin directly beneath the area of the greatest concentration of heat 
gave an accurate reading of the maximum temperature and eliminated 
all danger. 

The four ply flannel compress had been previousl}' found to remain 
moist though heated for from eight to ten hours. This compress was 
fitted with a cloth sleeve to contain the thermometer on the side next 
to the surface of the skin. This measure was adopted for two reasons : 
1. The thermometer itself when in direct apposition with the skin pro- 
vided an excellent insulator to the portion of the skin with which it was 
in contact. 2. By means of the sleeve the thermometer was held in place 
so that its bulb lay at the point in the system where the heat was most 
concentrated — viz., the center. Of course the cloth sleeve was some- 
what of an insulator itself, but when only one thickness of cloth was 
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used there was little difference between the temperature recorded by 
the thermometer and the 'temperature at the surface of the skin. 

Several changes have been found necessary since the first apparatus 
was completed. Ordinary thermometers were at first used, but changes 
in temperature were noted during the process of extracting the ther- 
mometer and reading it. Therefore, special thermometers were designed, 




Fig. 1. — Heating unit wired in the design of an involute coil. 


calibrated in such a manner that they could be read without removal 
from the sleeve. These thermometers revealed at a glance the temped' 
ture at the surface of the skin in the region of the greatest concentration 
of heat. They were metal jacketed to insure against breakage. How- 
ever, the metal jackets were later given up because of the increased 
pressure due to their weight and because of their tendency to conduct 
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and concentrate heat. This tendency in 1 case was responsible for a 
slight burn, which, though it occurred in an area which was compara- 
tively avascular because of previous trauma, revealed the necessity for 
removal of this causative factor. Another important change was the 
separating by heavy insulation of the wire leading out of the system G-G, 
(fig. 1) from the rest of the coil. 

The following is a description of the perfected apparatus : Figure 1 
shows the wiring of the heating unit. This, as is readily noted, is in the 
design of an involute coil. The heat liberated is concentrated at the 
center and diminishes at the periphery, although the temperature of 
the wire is constant throughout. In operation the central part lies directly 
over the center of the outing flannel compress, where the bulb of the 
thermometer is placed. This wiring is labeled A. B is the water-proof 
covering, of such material and construction that it will tolerate heat to 
20G F. C represents the grommets along the edges of the covering for 
che insertion of ties to hold the compress in place. If for any reason 
this covering should be perforated during operation and the solution 
allowed to surround the wire coil, the latter will not cause any appre- 
ciable shock to the patient because of the low amperage used. 

Figure 2 shows the single outing flannel compress with the ther- 
mometer, D, inserted in its sleeve, E, on the surface of the skin or 
wound. This compress will absorb a relatively large amount of solution 
and will remain moist though heated for eight to ten hours. Figure 3 
shows the double outing flannel compress for the hand. The same 
principle may be used for other parts, such as the forearm or the elbow. 
However, when a double compress is used, two heating coils, with two 
independent rheostats (shown mounted in the same rheostat box in the 
photographs), and two thermometers are required. 

The reason for this requirement is that because of the pressure 
on the lower coil exerted by the weight of the hand or other part 
less heat is necessary in that unit to maintain the desired tempera- 
ture at the surface of the skin. The cloth compresses are easily auto- 
claved and applied sterile. Figure 4 shows the double and the single unit 
in cross section. Figure 5 shows the single rheostat. The photographs in 
figures 6 and 7, show the single, large and small, and the double unit 
in operation. 

Many attempts have previously been made b)'’ others to construct 
such an apparatus. These have, so far as I know, been given up because 
of burns in certain cases. The combined physiologic and mechanical 
difficulties responsible for these burns have. I believe, been overcome 
b}" the combination of the involute coil, the cloth compress of standard 
thickness, the sleeve for the thermometer, the thermometer which tells 
the temperature at the surface of the skin or wound at the point where 
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the mass of heat is the greatest and the rheostat which allows the quan- 
tity of heat to be altered. I propose that the apparatus be made in 
various sizes suitable for application to different parts of the body. 




Fig. 4. — Double and single unit in cross section. 



Fig. 5. — Single rheostat. 


Various solutions have been used for moistening tlie compress. 
i^Iagnesium sulfate in a 5 to 10 per cent solution has been the medica- 
ment of choice in most cases of cellulitis. However, for cellulitis about 
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the eye, boric acid was used. This solution was used also for varicose 
ulcers. On infected wounds (open) a mild germicide, such as diluted 
solution of sodium hypochlorite U.S.P. or azochloramine, has been the 
solution of choice. Physiologic solution of sodium chloride has been 
used after grafting skin. 

CLINICAL EXPERIENCE 

During the last four years approximately 30 patients have been 
treated with the apparatus in its A'^arious stages of development. The 
experience with these patients seems to indicate that properly controlled 
wet heat has more therapeutic value than may have been previously sup- 
posed. Excellent results have been obtained in treating chronically 
infected wounds. For such wounds the compress has been utilized in 
two ways: (1) to clear up the infection and to stimulate fresh, clean 
granulations, and (2) to stimulate the “taking” of subsequent skin 
grafts to the wound. V aricose ulcers of long duration appear to respond 
equally well to this form of treatment. Superficial pyogenic infections 
seem to become localized and heal more quickly than when other methods 
alone are used. 

The temperature at which the compresses should be maintained 
appears to vary Avith the pathologic conditions. In cases of acute 
pyogenic cellulitis 108 to 112 F. seems optimum; in cases of chronic 
cellulitis, such as that associated with osteomyelitis, lower temperatures 
for longer periods are advisable (104 to 108 F.). In cases of the latter 
type I have kept the compresses on constant^ for as long as thirty days 
before skin grafting. Varicose ulcers require about the same tempera- 
ture for approximately seven or eight days before skin grafting. Skin 
grafts respond better at still loAver temperatures (102 to 104 F.). More 
can be said as to the length of time for AA'hich the compress should be 
kept in place and the temperature adAUsable for A'arious conditions after 
more patients have been treated. 

The exact physiologicobacteriochemical reaction to the local applica- 
tion of Avet heat is not clearly understood. It offers an interesting subject 
for study. An attempt ma}^ be made to experiment further on this 
reaction, and if so it Avill be reported, together Avith a series of cases, at 
a later date. 

This apparatus in no Avay precludes the necessity for keen surgical 
judgment, particularly in cases of acute streptococcic cellulitis. Further- 
more, it should be used only under the close superA-ision of the physician. 
It is not offered in competition Avith other forms of treatment but rather 
as a means of supplementing existing methods of tlierapy. 



BILATERAL COLLAPSE THERAPY IN THE TREAT- 
MENT OF PULMONARY TUBERCULOSIS 


B. P. POTTER, M.D. 

SECAUCUS, N. J. 

Although bilateral artificial pneumothorax was introduced about a 
quarter of a century ago, there still exist wide differences of opinion 
as to the value of this form of therapy in the treatment of pulmonar}'^ 
tuberculosis and as to the type of condition to be selected for its use. 
When bilateral application of such a measure as phrenicotomy or thoraco- 
plasty or a combination of these procedures with or without pneumo- 
thorax is considered, the variation in opinion is still wider. 

In view of these circumstances it is felt that the addition of another 
paper to the literature, recording my experience in a comparatively 

Table 1. — Bilateral PucumotJwrax — AvaUahility of Pleural Space 


Type of Space Number of Cases 

Bilateral space 352 

Unilateral space 49 

No space 30 

Total number of cases 213 


large series of cases obsert^ed over a period as long as five )'ears, will 
add clarity to the subject. This study compidses, in all, 211 cases in 
which pneumothorax was attempted bilaterally, with results as regards 
the availability of a pleural space as revealed in table 1. As will be 
shown later, some of the patients for whom the pneumothorax was 
abandoned or unobtainable on one or both sides were subjected to 
the more radical surgical measures. 

Before going into detail as to the fate of the 211 patients, I should 
like to make clear the basis on which the selection of patients for collapse 
therapy was made. Having discussed this subject thoroughly elsewhere,^ 
I wish merely to state, first, that for no patient in this group was collapse 
therapy used unless cavitation was present and, second, that artificial 

From the Hudson County Tuberculosis Hospital and Sanatorium. 

Read at the Annual Meeting of the American Academy of Tuberculosis 
Physicians, Atlantic City, N. J., June 8, 1937. 

1. Potter, B. P. : Modern Concepts on the Collapse Therapy of Tuberculous 
Pulmonary Cavities, Am. Rev. Tuberc. 31:499, 1935. 
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pneumothorax was the first measure of choice. Interestingly, cavities 
of moderate or large size were present bilaterally on the patients’ admis- 
sion to the hospital in the vast majority of instances; in the remainder, 
necrosis took place in the contralateral lung after a unilateral effective 
collapse had existed for some time. Still a further point of interest 
is the fact that pulmonary tuberculosis in 95 per cent of the patients 
was classed as far advanced according to the standards of the National 
Tuberculosis Association. 

BILATERAL PNEUMOTHORAX 

A pleural space was encountered bilaterally in 152 of the 211 cases. 
While this incidence may appear high, especially when one considers 
the stage in which the disease was treated, it is nevertheless closely 
similar to that found in 520 cases of attempted unilateral pneumothorax. 
As will be seen later, this close parallelism between bilateral and uni- 
lateral pneumothorax exhibits itself again when the question of the 
number of effective collapses and the complications are taken into 
account. 


Table 2. — Type of Pneumothorax in 152 Cases of Bilateral Pneumothorax 


Simultaneous ■ 


Alternating 



It is important to know the type of pneumothorax under considera- 
tion when the problems of bilateral collapse are discussed because, for 
obvious reasons, an alternating pneumothorax presents, with few excep- 
tions, difficulties no different from those encountered in the unilateral 
form. As is shown in table 2, and as was to be expected from the type 
of cases selected, simultaneous pneumothorax is the predominant feature 
of this study. 

While pneumothorax was induced on either one side or the other 
immediately or within two months after the patient’s admission to the 
hospital, the interval between bilateralization averaged ten months but 
was as low as one month in a few instances. In retrospect I feel that 
this average interval could have been reduced to eight months or pos- 
sibly even less, but I lean strongly toward a reasonabl}' liberal period 
of observation between the induction of the first pneumothorax and 
that of the second, for the following reasons : In the first place, it is 
desirable that an effective collapse be either present or reasonably certain 
of occurrence without further intervention before one attacks the contra- 
lateral lung; for it has been m 3 ' experience (as well as that of others) 
tiiat pneumonol 3 'sis, if it should become necessar}’, may be hazardous 
in the presence of a bilateral pneumothorax. In the second place. I 
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have found that varying portions of relatively uninvolved lung may 
have to be sacrificed during the establishment of satisfactory pneumo- 
thorax. However, such sacrifice should not be continued once an effec- 
tive collapse is achieved, as optimum functional respiratory integrity 
should be restored by permitting the reexpansion of the uninvolved 
portions before contralateral collapse is induced. Under such conditions 
the patient is able to withstand with little or no discomfort any further 
reduction of lung volume that may be entailed. Finally, as the more 
involved lung becomes effective!}' collapsed, the lesion on the opposite 
side may become controlled, and thus collapse may be obviated. 

Of course, one is often compelled to deviate from this ideal practice 
either because of progression of the lesion in the uncollapsed lung or 
because of the development of pleuris}-, threatening obliteration of the 
corresponding pleural space. When it is further remembered that, 
in spite of the presence of offending adhesions in 60 to 70 per cent 
of the cases and of the fact that their severance was indicated in only 
4 per cent, it becomes evident that the second pneumothorax in many 
instances was induced while the first was still ineffective. 

Another point for consideration concerns the side to be selected for 
the first pneumothorax. A review of the literature on bilateral pneumo- 
thorax indicates general agreement that the lung showing the more 
active lesion should be favored initially. AYliile on the whole this cri- 
terion is useful, there are cases of a bilateral process in which the differ- 
ence in degree of activity is difficult to determine, especially if there 
are no comparative roentgenograms, as is often the case. Furthermore, 
with most of the patients with simultaneous pneumothorax in the group 
under present consideration the problem centered about the cavities 
in the lungs, involving such questions as their size, their location and 
the character of the pericavernous infiltrate. Another factor is a history 
of roentgenologic evidence of recent pleural involvement, which war- 
rants the early induction of pneumothorax to obviate the loss of a 
possible free pleural space. It is obvious, therefore, that the question 
of which lung is to be chosen for initial collapse will depend on cmv 
clusions drawn after due consideration has been given to the factors 
just cited. 

As for the actual technic, my experience may be cited with respect 
to several controversial issues. It is generally conceded that a pneumo- 
thorax should not be established bilaterally at the same sitting, on the 
same day or even in the same week. It is conceivable that because of 
profuse uncontrolled hemorrhage of undeterminable pulmonary origin 
bilateral collapse may become urgent, but this must be a very rare 
occurrence, as evidenced by the fact that I have not encountered it m 
a single instance. 
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After bilateralization of the pneumothorax, the question arises 
whether refills should be given at the same sitting. While the patient 
is in the hospital and is available for frequent observation or treatment, 
refills may be confined to one side at a time. Once he has been dis- 
charged, however, I do not hesitate to insufflate both sides at the same 
sitting. In fact, it is generally preferable to do so, in order to assure 
the maintenance of nearly equal intrapleural pressures. In several 
instances in which this point was overlooked, the patients noticed various 
symptoms, such as wheezing in the chest, irritating diy cough or short- 
ness of breath, all of which disappeared with equalization of the intra- 
pleural pressures and the return of the mediastinal structures, if 
displaced, to the midline. As will be shown later, no untoward com- 
plications have been noted from this practice. 

The other features of the technic differ in no respect from those 
that apply to unilateral pneumothorax. I wish to stress, however, 
that it is essential that the collapse be confined as far as is possible to 
the diseased portions of the lungs. This can be best accomplished during 
the patient’s residence in the hospital by refills of small quantities (150 
to 250 cc.) of air three times a week, and after discharge by weekly 
refills of not more than 350 cc. of air. 

The adequacy of any surgical measure in the arrest or “cure” of 
pulmonary tuberculosis must be judged also by its capacity to return 
the patient to a state of health compatible with social usefulness. Mere 
obliteration of the cavity and prolongation of life with the patient left 
in a state of invalidism is not in my opinion a satisfactory result. 
Although it might be expected that bilateral collapse would place greater 
limitations on the patient’s useful existence, m)'- experience reveals that 
this is not actually so. 

As may be seen from table 3, 45, or 79 per cent, of the 57 patients 
in whom an effective bilateral pneumothorax was achieved are working, 
able to work or ambulatory; and these results closely parallel those 
obtained in a much larger series of cases of unilateral pneumothorax. 

When the frequency of the effectiveness of bilateral pneumothorax 
is compared with that of the same procedure in cases of unilateral 
cavitation, close similarity again demonstrates itself. Thus, in the series 
represented in table 3 the collapse became effective bilaterally by pneu- 
mothorax in 57 of the 152 cases, showing an incidence of 37 per cent 
as against 38 per cent of instances of closure of the cavity in another 
group of 398 patients in whom the lesion presented a problem of uni- 
lateral collapse therapy. 

The complications differ in no respect from those encountered with 
unilateral pneumothorax. Differences of opinion have arisen onh- as 
regards their comparative frequency. So far as pleural effusions arc 
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concerned, I have had an incidence of 50 per cent in cases of bilateral 
pneumothorax as against 34 per cent with unilateral pneumothorax. 
However, the incidence of effusion per pneumothorax was only 25 per 
cent. The fluid became empyematous in about an equal number of 
instances (8 per cent). Superimposed spontaneous pneumothorax of 
clinical significance was noted in only 4 patients, all of whom responded 
favorably to underwater drainage. 

Before concluding the subject of bilateral pneumothorax, it may 
be of interest to inquire about the anatomic status of the lungs which 
were permitted to reexpand after an effective collapse had existed and 

Table 3. — Clinical Stains of 152 Paliails iit Whom a Bilateral Pleural 

Space Was Pound* 


Groups 

Wording 

or 

Able 

to 

Work 

Ambu- 

lant 

Im- 

proved 

Unim- 

proved 

Dead 

Total 

Bilateral effective pneumothorax 

2S 

17 

5 

3 

4 

57 1 

Unilateral effective pneumothorax; con- 
tralateral pneumothorax abandoned.. 

2 

9 

4 

2 

0 

17 

Bilateral pneumothorax abandoned 

0 

5 

0 

21 

50 

76 


* The romaialoB 2 patients with originai bilatcrn] pienral space are included in table S. 
t Collapse wns made cdcctivo by pncumonolysis in 4 cases and by supplementary 
phrenicotomy in 1. 


Table 4. — Anatomic Status of Reexpanded Lungs 


Both Lungs Rclnflated One Lung Rcinilafed 

— — - — — ^ ■■■-■ -■■■ - -A, — 

Bilateral Unilateral Total Total 

Closed Closed Number Closed Open Number 

Lesion Lesion o{ Cases Lesion Lesion of Cases 

13» 4 17 9 0 9 


* In 2 cases collapse was made effective on one side by thoracoplasty and thoracoplasty 
plus phrenicotomy, respectively, after an inc0ectivo pneumothorax had been abandoned. 


of the condition of which a follow-up is available for periods varying 
from several months to four years. The data in the 26 cases analyzed 
in table 4 are drawn from the patients comprising the first two groups 
in table 3. It is evident that bilateral pneumothorax if effective serves 
not only as an immediate control measure but also eventually leads to 
arrest of the disease. What is even more impressive is the fact that 
the incidence of residual closed lesions after reexpansion in this group 
closely parallels that found in my patients with unilateral pneumothorax. 


COMBINED COLLAPSE THERAPY OTHER THAN EXCLUSIVE 
PNEUMOTHORAX 

When obliteration of bilateral cavitation is sought by measures other 
than exclusive pneumothorax, the complexity of the problem is increased 
proportionately as the more radical surgical procedures are utilized w 
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the combination. This is especially noticeable when forms of collapse 
which are either permanent (thoracoplasty) or not immediately reversi- 
ble (phrenicotomy) are* considered. The importance, therefore, of 
careful selection of the procedures and of the optimum time of their 
application is obvious. 

Table 5 shows briefly the various types of combined collapse therapy 
that were used in 28 selected cases for patients in whom a pleural space 
was absent unilaterally or bilaterally (table 1) or in whom the pneumo- 
thorax was abandoned on one or both sides (table 3). The results 
show that patients fare better if the measures in the combination are 


Table S . — Clinical and Anatomic Results in Combined Collapse Therapy Other 

Than Exclusive Pneumothoi'ax 




Work- 







ing 

or 






Anatomic Result 

Ambu- 

Im- 




rorm of Combination 

of Collapse 

lant 

proved 

Worse 

Dead 

Total 

Pneumothorn.N: on one side, thora- 
coplasty and phrenicotomy on 
other (alternating) 

Bilateral effective 

1 

0 

0 

0 

1 

Pneumothorax on one side, thora- 

Bilateral effective 

2 

0 

0 

0 

2 

ooplasty on other side 

Unilateral effective 

0 

1 

0 

o' 

0 

(8 alternating) 

Bilateral ineffective 

0 

0 

1 

0 

1 

Pneumothorax on one side, phreni- 

Bilateral effective 

4 

0 

0 

0 

4 

cotomy on other (In 2, alternating; 
in 6, phrenicotomy supplementary 

Unilateral effective 

4 

0 

0 

1 


Bilateral ineffective 

0 

0 

0 

s 

3 

to bilateral pneumothorax) 

Bilateral phrenicotomy (all alter- 

Bilateral ineffective 

1 

0 

0 

It 

2 

nating) 

Unilateral effective 

0 

0 

0 

1* 

1 

Phrenicotomy on one side, thora- 
coplasty on other side (all 

Bilateral effective 

2 

0 

0 

0 

2 

Unilateral effective 

la 

0 

0 

la 

a 

alternating) 







Bilateral thoracoplasty 

Unilateral effective 

0 

0 

0 

1 

1 

Totals 


14 

I 

1 

12 

2S 


* Postoporativo deaths. 

t Tho patients inter imdera'ent thoracoplasty and appear In the table by the desipna- 
tion "a.” 


applied alternately. Of course, this is possible only when an effective 
collapse on one side is achieved by such a reversible procedure as pneu- 
mothorax or temporary phrenic interruption. This point is strikingly 
brought out by the figures shown in the second form of combination in 
the table. It will be noted that the condition of the 3 patients subjected 
to thoracoplast}^ on one side after the contralateral lung had been per- 
mitted to reexpand is improved, whereas 5 postoperative deaths occurred 
among the patients in whom the procedures were utilized simultaneous!}'. 
While wound infection was an added factor in the causation of death 
in 2 cases, respiratory embarrassment played the predominant role in 
3. It is for this reason that I believe that bilateral thoracoplasty, unless 
the lesion in the lung is truly apical, can rarely be successful. For the 
sake of completeness, it should be said that as time goes on the number 
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of cases similar to those analyzed in table 5 will be somewhat increased, 
but in the vast majority of the cases in the groups from which these 
cases were taken the prognosis is not good as long as an open lesion 
remains. 

CONCLUSION 

In conclusion, I wish to stress that of all forms of bilateral collapse 
therapy bilateral pneumothorax is the most effective measure. Evidence 
has been offered which reveals that the results with this procedure are 
as good as those obtained by unilateral pneumothorax and the frequency 
of complications is about the same with the two procedures. It is there- 
fore felt that there should be no hesitation in giving all patients 
pi'esenting cavitation in both lungs the benefit of bilateral pneumothorax. 
Other procedures or combinations of procedures besides bilateral pneu- 
mothorax, especially when applied simultaneously, offer good results in 
relatively few cases; and because of the hazards involved the selection 
of patients must be carefully made. 



DUODENOGASTRIC INTUSSUSCEPTION 

ITS- CLINICAL APPLICATION AND RESULTS 

JACOB K. BERMAN, M.D. 

INDIANAPOLIS 

For the past five years my colleagues and I have been experimenting 
on dogs in an effort to determine some of the factors involved in the 
causation of peptic ulcerd In these experiments the pyloric sphincter of 
the stomach was divided by a longitudinal incision down to the mucosa. 
Then the pars superior duodeni was invaginated into the antrum 
pyloricum. This procedure produced duodenogastric intussusception. 
The ulcer-bearing area (the pyloric end of the stomach and the first 
portion of the duodenum) was thereby transplanted into a new and 
more highly acid environment. Eight months after operation the invagi- 
nated portion remained in place and was found to be morpliologically 
normal. In other words, a living transplant of Brunner’s glands had 
been placed in the pyloric antrum. 

Studies made with regard to acids, mucin and the emptying time 
led to the following conclusions : 

(a) Brunner’s glands have two secretions — a local protective 
mucin and a systemic acid-stimulating hormone. 

(b) H)fdrochloric acid stimulates the local production of mucin 
as well as gastrin, which in turn assures the necessary 
hydrochloric acid for this stimulation, thereby perpetuating 
the cycle. 

(c) The adventitious duodenal mucous membrane in these 
experiments did not show ulcer even with increased acidity 
and rapid empt3dng time. This was explained as due to the 
action of the defensive mechanism (mucin). 

Ulcers were next produced in normal dogs by using toxic doses of 
cinchophen. These animals had only a slightly higher acid content but 
a much larger amount of mucin than normal. Since ulcers develop 
almost uniformly in control animals, it was thought that the amount 
of mucin, although increased, was insufficient to protect the mucous 
membrane. Ulcers could be produced in the stomach and the duodenum 

From the Department of Surgery, Indiana University School of Medicine. 

1. Berman, J. K., and Baxter. N. E. : Duodenogastric Intussusception: .An 
Experimental Study of Peptic Ulcer, Arch. Surg. 33:]-]8 (July) 1936. 
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of dogs protected by duodenogastric intussusception after the adminis- 
tration of toxic doses of cinchophen but much less frequently and 
without perforation. 

Our experiments proved the value of reenforcing and using the 
pyloric end of the stomach rather than sacrificing it, as is done in pylo- 
rectomy or gastrectomy. The operation of duodenogastric intussus- 
ception creates an artificial plica circularis (valvula conniventes) and 
delimits jetting of acid chyme. By transplanting Brunner’s glands 
adequate mucin protection is aflforded. This procedure also reenforces 
and immobilizes the p3dorus. This is j^roved by the fact that peristaltic 
waves are not seen in this region. The ulcer is thereb}' permitted 
to heal. 

We concluded that (o) because of its safet}- and ease of perform- 
ance in suitable cases, duodenogastric intussusception is an aid in the 
surgical treatment of chronic peptic ulcer and that {b) if scarring of 
the pylorus is marked or if the ulcer is on the gastric side, excision 
of the ulcer with division of the p3doric sphincter followed b3’’ duodeno- 
gastric intussusception is the operation of choice. 

INDICATIONS FOR SURGICAL INTERVENTION IN CASES OF ULCER 

In general, patients with ulcer may be divided into three large 
groups: The first group includes those who respond to medical man- 
agement. Although accurate statistics are difficult to evolve because 
so many ulcers heal undiagnosed, we feel that the great majority of 
patients with peptic ulcer belong in this group. The second group 
includes those who respond to surgical therapy. One cannot be sure 
of the response that will be shown by a patient to surgical treatment, 
but the indications for operation are clear. The3’’ 11133’^ be dogmatically 
listed as follows: (1) perforated peptic ulcer,- (2) ulcer with obstruc- 
tion, (3) ulcer with repeated hemorrhage® (at least one repetition) 
and ( 4 ) chronic ulcer which will not respond to intensive medical care, 
especially if on the gastric side. For this group of patients almost any 
of the accepted surgical procedures, whether it is a pyloroplast3’-, gastro- 
enterostom3^ or gastrectomy, if followed b3' good medical supervision 
will effect a cure. 

The third group of patients may be called ulcer formers.'* Tins 
term may be misleading because any patient who has once had a peptic 
ulcer becomes an ulcer former under proper stimulation.^ However, here 

2. Berman, J. K. : Some Consideration of Probable Exciting Factor in Per- 
forated Peptic Ulcer, J. Indiana M. A. 26:416-419 (Sept.) 1933. 

3. Goldman, L. : Gross Hemorrhage from Peptic Ulcer : Its Morbidity, Mor- 
tality, and Treatment, J. A. M. A. 107:1537-1542 (Nov. 7) 1936. 

4. David, V. : Personal communication to the author. 
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it is desired to refer to the patients in whom, in spite of medical and 
surgical care, recurrent ulcers accompanied by complications usual!}' 
develop. It is for the latter group of patients that duodenogastric 
intussusception seems most promising; and since, as has been stated, 
one cannot foretell the outcome in these cases, we feel that the most 
desirable operation is a conservative one which does not sacrifice tissue 
and which has permanent value. Such we believe is duodenogastric 
intussusception. 

TECHNICS FOR OPERATION 

Although the procedure as originall}' described in our previous 
paper ^ can be done in selected cases, we found that it is usually nec- 
essary to combine it with other forms of pyloroplasty. The original 
operation consisted in freeing the greater and lesser curvatures of the 
stomach and duodenum by dividing the hepatogastric and hepatoduo- 
denal ligaments and the gastrocolic ligaments with the greater omentum. 
This is carried out from the upper portion of the antrum to a point 
about 1 to XYz inches (2.5 to 4 cm.) distal to the pylorus, the extent 
varying with the length of the first portion of the duodenum and its 
mobilizability. An incision is then made down to the mucous mem- 
brane, as in the Rammstedt pyloroplasty. Then the operation is com- 
pleted by pulling the stomach down over the duodenum and anchoring 
it with two or three tiers of interrupted silk sutures (fig. 1). However, 
the operation may be combined with various forms of pyloroplasty: 

1. The anterior two thirds of the pylorus is resected (fig. 2). 

2. If the ulcer is on the gastric side it may be excised, and the 
pylorus may be divided longitudinally and sewed transversely 
(fig. 3). 

3. Or the pylorus may be divided and sensed transr^ersel}- 
(%• 4). 

4. If the ulcer is on the posterior side and is tightly adherent to 
the pancreas, the pylorus may be divided, and then the ulcer 
may be cauterized, removed or not molested ; this is followed 
by transverse suture and invagination of most of the circum- 
ference of the duodenum (fig. 5). 

5. V resection of the ulcer on the lesser curvature is followed 
by division of the pylorus (fig. 6). 

It is readilv seen that this procedure may be used in conjunction 
with most types of pyloroplasty and that in addition to the lines of pro- 
tecting sutures, immobilizing and reenforcing the ulcer-bearing area, it 
creates a living transplant of Brunner’s glands supplying the protective 
mucin. 
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Fig 1. — Duodenogastric intussusception. A, division of the hepatogastric and 
hepatoduodenal ligaments and the gastrocolic ligament with the greater omentum; 
B, longitudinal incision of the pylorus in the manner of a Rammstedt pyloro- 
plastj' ; C, the first tier of sutures in place so as to form a duodenogastric 
intussusception ; D, the second tier of sutures ; E, the second tier of sutures on the 
posterior side ; F, extra sutures placed around the circumference to make the suture 
line secure ; G, testing the patency of the pylorus with the thumb and fore- 
finger ; H, cross section showing the completed operation of duodenogastric 
intussusception. 



Fig. 2. — A, the resection of the anterior two thirds of the pylorus; B, 
verse suture of the pylorus ; C, duodenogastric intussusception after the pylorus 
been sutured transversely. 
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Fig. 3. — A, excision of the gastric ulcer, with longitudinal incision of the 
pjdorus; B, transverse suture of the pylorus; C, duodenogastric intussusception. 
The first tier of sutures is complete. 



Fig. 4. — A, longitudinal incision of the pylorus; B, transverse suture; C, 
duodenogastric intussusception. The first tier of sutures is complete. The second 
tier of sutures is in place. 



Fig. 5.— .4, longitudinal incision of the pylorus (the ulcer is seen on the 
posterior side); B, transverse suture of the longitudinal incision; C. diiodenu- 
gastric intussusception of approximately four fifths of the circumference (j>ostenor 
view; the ulcer is adherent to the pancreas). 
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REVIEW OF CASES 

We have carried out this operation on 5 patients thus far. The first 
operation was performed on Feb. 2, 1936. It will be noted that we 
waited six months between the first and the second and also between 
the second and the third operation. This was done to insure the relia- 
bility of the operation. As our technic improves, we feel that it may 
be used in most cases of surgical ulcer. 

Case 1. — Mr. J. M. Af., aged 62, a laborer, was admitted to the Long Hospital 
on Feb. 2, 1936, complaining of severe abdominal pain. This had begun suddenly 
twenty hours before admission to the hospital. Although there was no previous 
history of ulcer, he stated that his stomach had been sore for three days prior 



Fig. 6. — A, a V resection of the gastric ulcer on the lesser curvature; B, 
transverse suture of the resected area and longitudinal incision of the pylorus; 
C, duodenogastric intussusception after transverse suture of the pylorus (the 
first tier of sutures is in place, ; D, duodenogastric intussusception completed. 

to the onset of the illness. The abdomen was e.xtremely rigid, and there was 
marked tenderness in the epigastrium. The blood counts and urinalyses gave 
normal results. The Kline test for syphilis gave a negative reaction. Roentgeno- 
graphic examination revealed pneumoperitoneum. A diagnosis of perforated peptia 
ulcer was made, and he was operated on within one hour after entry. 

With the patient under ether anesthesia a right upper paramedian incision was 
made. When the peritoneum was incised, free air escaped. The duodenum was 
found to be markedly inflamed and covered with a thick plastic exudate. A sma 
perforated ulcer was situated on the anterior wall of the duodenum, and a secon 
ulcer was felt below this. The hepatogastric, hepatoduodenal and gastrocolic bg^' 
ments were divided up to the upper portion of the pyloric antrum and down to a 
point about 1^ inches (4 cm.) below the pylorus, thereby mobilizing this portion 
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of the stomach and duodenum. The pyloric sphincter was divided longitudinally 
down to the mucous membrane in the manner of a Rammstedt pyloroplasty. Then 
duodenogastric intussusception was done, two tiers of no. 0 chromic catgut suture 
being used (fig. 1)). The greater omentum was placed over the field of opera, tion, 
and the abdomen was closed without drainage. 

The patient made an uneventful recovery and was discharged from the hospital 
on February 21. On March 9 he was in good health, with no symptoms; the 
values for acids were within normal limits, and the value for mucin was 0.9 mg. 
per cubic centimeter. A barium sulfate meal was given, and the report was as 
follows: Preliminary fluoroscopic examination of the chest showed a heart of 
borderline size. The ascending aorta was slightly widened. No abnormal pulsa- 
tions were visualized. The peribronchial markings were increased. There was 
good excursion of the diaphragm. Studies of the gastrointestinal tract showed 
normal fillings of a J type of stomach. Rugae were regular throughout. The 
distal end of the pylorus and the bulb were deformed, probably owing to the 
previous operative procedure. A portion of the duodenal bulb had been invaginated 
into the distal portion of the pylorus, leaving only the terminal end of the first 



Fig. 7 (case 1), — A, roentgenogram (retouched) showing the duodenum 
invaginated into the pyloric antrum (immediately after operation) ; B, si.x months 
later, showing the permanency of the duodenogastric intussusception. Note the 
widened pylorus. D indicates duodenum. 

portion of the duodenum well visualized. This was flattened and broadened, and 
the distal end of the pylorus, which had been brought down, was considerably 
wider than normal. The second portion of the duodenum was well visualized. The 
operative procedure apparently caused mild deformity in the greater curvature of 
the distal end of the pylorus. At six hours the stomach was empty, and the head 
of the meal was in the transverse colon. The patient was given a second barium 
meal in order to permit the rcchccking of the findings (fig. 7 A). 

On September 9 he was asked to return, and another barium meal was given, 
the report being as follows ; There was considerable improvement in the condition 
of the distal end of the pylorus and the bulb. At six hours the stomach was empty, 
and the head of the meal was in the transverse colon. The pyloroplasty was 
apparently functioning well (fig. 7 B). 

The patient has remained free from symptoms. 

Cast. 2. Ittr. A. U., aged 55, an unemployed laborer, was admitted to the Lone 

Hospital on June 16, 1936, with complaints of loss of weight, insomnia, and pain 
and discomfort in the abdomen. His past history revealed that I’.c had liad p.n., 
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in the abdomen since 1924. A medical regimen for two years failed to relieve his 
symptoms. On March 2, he was operated on. The surgeon said he felt that 
the lesion was an inoperable carcinoma, and after taking a lymph gland for 
biopsy he closed the abdomen without further surgical intervention. The lymph 
gland proved to be an inflammatory enlargement. The patient improved some- 
what after this procedure but was readmitted to the Long Hospital on June 16 
with recurrence of the symptoms. 

Physical examination showed that he had lost a great amount of weight and 
that he had a palpable thyroid gland and extreme tenderness in the epigastrium. 

Laboratory examination showed : urine, normal ; phenolsulfonphthalein test, 
70 per cent for two hours; red blood cells, 4,170,000; hemoglobin, 12 to 13 Gm.; 
white blood cells, 6,200 to 13,250; serologic tests, negative reaction; stools, 
1 plus to 4 plus blood; basal metabolic rate, — 1 per cent. An alcohol and histamine 
test ^ showed high acidity, up to 73 per cent free hydrochloric acid, total acid. 



Fig. 8 (case 2). — A, roentgenogram (retouched) taken before operation, show- 
ing the peptic ulcer on the lesser curvature and the defects of the bulb; B, seven- 
teen days after operation, at which the ulcer was removed and the duodenum 
invaginated. 


79 per cent, and lactic acid, 0. Blood Avas present in all specimens. The 
was 5.5. No determination of mucin was made prior to operation. The roent- 
genographic examination showed a large penetrating ulcer on the lesser curvature, 
with complete retention at the end of six hours (fig 8/4). He was placed on 
Sippy managment but made no progress, as determined clinically, by roentgeno 
graphic study and by gastric analyses. 


5. Alcohol and histamine tests are performed in the Long Hospita as 
follows; After the stomach is emptied, the patient is given 200 cc. of 
cent alcohol. Then 0.5 mg. of histamine is gi^'en subcutaneously (0.2 mg. 
given if the patient is a woman). The stomach contents are then aspirated 
fifteen minutes for one hour. The average normal value agrees with that 
by Lerman and his associates (Lerman, J. ; Pierce, F. D., and Brogan, • - • 
Gastric Acidity in Normal Individuals, J. Clin. Investigation 11:155-16 
1932) : about 41 per cent free hydrochloric acid and about 51 per cent tota a 
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the outpatient department three months later, at which time he made a vague 
complaint of general pains over the entire body. On March 1, 1937, a letter 
written to the patient brought no reply; however, his family pliysician reported 
him to be in good health. On June 4 another letter was written to him inviting 
him to return to the outpatient department if he still had any symptoms. He did 
not respond to this, although he lived but a short distance from Indianapolis. We 
assumed, therefore, that he was in a good state of health at that time. 

Snvimary . — This patient with recurrent chronic gastric ulcer had had three 
years of medical management and a previous operation for ulcer. After the 
operation herein described he was clinicallj' improved, and the acid values returned 
to normal. Although the roentgenogram showed some retention immediately after 
the operation, this condition evidently did not persist because no symptoms of 
retention appeared. The pylorus had probably been opened by the lateral pull 
of the wall of the stomach. As far as is known now, the patient remains clinically 
well. 

Case 3. — Mr. H. W., aged 37, a laborer, was admitted to the Long Hospital 
on May 8, 1937. His chief complaint was of pain in the epigastrium, which was not 
relieved by careful diet and alkaline powders. 

Sixteen years before his admission to the hospital appendectomy was per- 
formed elsewhere. For the past six years he had had pain in the epigastrium com- 
ing on about two hours after meals. This was relieved by food. 

The patient was a thin man with a scar in the right lower quadrant of the 
abdomen. There was tenderness in the epigastrium with muscle spasm. In the 
medical department a careful study was made, and it was found that he had 
pyelitis and cystitis and that the urine was loaded with pus and red blood cells. 
However, repeated cystoscopic examination revealed no stones. The white blood 
cell count varied from 6,400 to 14,750. Roentgenographic examinations were 
I'epeatedly made, and an opaque shadow was always seen in the right upper 
quadrant. This proved later to be caused by the gallbladder, which was filled 
with stones. Tetraiodophenolphthalein sodium was injected, but the gallbladder 
was not visualized. Barium meal revealed normal filling of a rather large stomach. 
There was a large niche showing retention on the posterior wall of the lesser 
curvature of the fundus of the stomach which was probably due to ulcer (fig. 9 A). 
Slight tenderness was noted over this area. At twenty-four hours there was 
normal movement of the meal. Gastric analyses made prior to operation showed: 
free hydrochloric acid, 80; total acid, 86 (average) ; blood, 0; mucin, 0; pa of 
gastric contents, 4. The stools repeatedly showed blood. The phenolsulfonphthalejn 
test showed : first fifteen minutes, a 17.5 per cent output, and first half hour, 
a 32.5 per cent output. 

On April 13 operation was performed, and the following note was made: 
With the patient under ether anesthesia the abdomen was entered through a right 
upper paramedian incision. Exploration of the abdomen revealed a duodenal 
ulcer on the lesser curvature just below the pylorus. The gallbladder was markedly 
distended and was found to contain one stone.® The right kidney was slightly 

6. Three of these patients had gallstones. In 1932 we presented a paper before 
the Indiana University Post-Graduate Course on the incidence of gallstones an 
peptic ulcer. We found this association to be present in about 5 per cent o 
cases. Whereas cholelithiasis may be accompanied by a low or high gastric aci 
content (this explains relief with sodium bicarbonate in some and dilute hydro 
•chloric acid in others), in the patients with ulcer the values for acids were 
uniformly high. These patients were to have operations on the gallbladder ater. 
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ai-ged and was relatively low but not movable. The pyloric antrum, the pylorus 
1 the first portion of the duodenum were mobilized by division of the bepato- 
itric, hepatoduodenal and gastrocolic omentum between ligatures. The ulcer was 
:ised together with a portion of the pylorus, which was then sutured trans- 
■sely with no. 0 chromic catgut sutures, thereby widening the pyloric canal, 
e stomach was brought down over the duodenum, in the manner of a duodeno- 
itric intussusception, by two tiers of interrupted silk suture. The omentum 
s brought over the field of operation, and the abdomen was closed without 
linage, with no. 0 chromic catgut sutures in the fascial and interrupted silk sutures 
the skin (fig. 2.). 

On April 19 (fifth postoperative day) an alcohol and histamine meal was 
cn with the following results: free hydrochloric acid, 51, and total acid, 

; the mucin content was not determined. However, this test was repeated on 
ril 30, and the results showed a maximum free hydrochloric acid content after 
alcohol and histamine meal of 51 and a hydrochloric acid content during fasting 
0. There was no blood, and the total acid content was 66. The value 
mucin was 72 mg. per hundred cubic centimeters. The pathologic report 



Fig. 9 (case 3). — A, roentgenogram (retouched) taken before operation, show- 
i defects of the bulb ; B, sixteen days after operation, showing the duodeno- 
iric intussusception. Note the peristaltic wave. This does not follow through 
iinvaginated portion but is carried on into the duodenum. 

the tissue removed at operation was as follows : duodenal ulcer, with no indi- 
bn of malignancy; one lymph node showed nonspecific hyperplastic changes. 
Roentgen examination of the gastrointestinal tract on April 30 showed normal 
ng of the stomach. There was marked deformity of the distal end of the 
3rus and the bulb (apparently from the operative procedure of duodenogastric 
issusception) . There was good emptying of the stomach. Slight dilatation 
the second and third portions of the duodenum was noted. At six hours there 
i a slight trace of barium in the stomach, and the head of the meal was 
;he transverse colon. At twenty-four hours there was a normal movement of 
imeal (fig. 9B). 

This patient was discharged from the hospital on May 1 in an excellent 
'e of health and completely relieved of his symptoms. 

He was admitted on May 8 for a check-up. He was entirel 3 ' free from 
iptoms, and gastric analysis showed during fasting free hydrochloric acid of 0 
j total acid of 10; after the alcohol and histamine meal the total acid was. 

Ii free hydrochloric acid of 51. 
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Summary . — This patient had a chronic gastric ulcer with complicating chole- 
cystitis and cholelithiasis, p 3 ’elitis and cj'stitis. Medical management over a long 
period failed to relieve his symptoms. After the operation as herein described 
the patient was relieved of all gastric symptoms, the values for acids returned to 
normal limits " and the follow-up study showed him to be clinically well. 

Case 4. — Mrs. N. AV., aged 52, a widow, was admitted to the Long Hospital 
on May 22, 1937. She complained of r'omiting for the past four weeks, loss of 
weight (26 pounds [11.8 Kg.J) and arthritis. She had been operated on else- 
where seven months previously for a perforated ulcer, with satisfactory recovery; 
but she vomited just before discharge from the hospital and since that time had 
vomited occasionally. She had vomited every day for the past three weeks. 
Arthritis had been present for the past four years, 

Phj'sical examination showed a scar over the upper portion of the right rectus 
muscle, beneath which was a firm mass. Tliere was no tenderness or rigidity; 
the abdomen was scaphoid. 

The blood pressure on entrr- was 105 systolic and 70 diastolic. The red 
blood cell count was 4,610,000 and the white blood cell count 7,500. The stool 
contained 3 plus blood on Alay 31. Urinalyses showed specimens ranging from 
those with 6 plus cells to those loaded with pus. 

Analysis of the stomach contents on May 27 showed 3 plus blood, and a 
/'n of 6. Gastric analysis on June 2 showed a total acid of 30. free h)-drochloric 
acid of 10 and 94 mg. of mucin per hundred cubic centimeters. 

Roentgen examination of the gastrointestinal tract after ingestion of a barium 
meal on Maj’ 24 showed norma! filling of a large ptotic stomach. Peristalsis was 
e.xceedingly vigorous. Considerable time elapsed before the barium passed beyond 
the p 3 'ioric end of the stomach. The bulb was small but did not appear to be 
greatly deformed. The second and third portions of the duodenum were well 
visualized. There did not appear to be any abnormality in this area. However, 
there was about 70 per cent retention at five hours. At tw’cnty-four hours there 
was normal progress of the meal, with 15 per cent retention in the stomach. The 
diagnosis was partial obstruction, possibly due to ulcer, although none was 
visualized (fig. 10 A). 

An operation was performed on June 4. With the patient under ether anesthesia 
the abdomen was opened through a right paramedian incision mesial to the scar 
of the previous operation. The stomach and duodenum were densely adherent to 
the parietal peritoneum so that careful dissection had to be made to reach the 
pj'lorus. Exploration revealed a thickened gallbladder filled with small calcuh. 
The pancreas was found to be normal. The common duct was not enlarged and 
apparently was without obstruction. The duodenum had one large diverticulum on 
its superior margin just distal to the pylorus. The pylorus was thickened and 
narrowed down to the size of a lead pencil. The scar of the previous ulcer was 
found; it was on the gastric side and was not active. After the pjdoric antrum 
and pars superior duodeni had been carefully freed, all bleeding areas were tied 
doubly Avith transfixed ligatures on both sides. The pylorus was then incised 
longitudinally, and careful inspection was made of the duodenum, which showed 
the diverticulum previously referred to. The ampulla of Abater could be seen after 
the incision had been prolonged, and bile was found to be freely spurting into the 
duodenum. The mucosa was pale. The lumen of the stomach was explored and was 
found to be without new growth or active ulcer. The rugae Avere small an 

7. This coincides AA’ith the findings in our e.xperimental Avork. The A'alues for 
acids remain about normal, but the amount of mucin is increased. 
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seemed to be absent in places. The mucous membrane was pale and smooth, but in 
spots small hemorrhagic areas were seen. The longitudinal incision was sutured 
transversely with no. 0 plain catgut. This was turned in by means of interrupted 
silk sutures placed entirely around its circumference. Two tiers of these sutures 
were used, forming a duodenogastric intussusception. The omentum was brought 
down over the field of operation, and the abdomen was closed in layers without 
drainage with a no. 0 plain catgut continuous suture for peritoneum, no. 0 
plain interruped sutures on the rectus muscle and no. 1 chromic catgut cross 
stitch interrupted sutures on fascia. A black silk mattress on edge suture was 
used for the skin (fig. 4). 

The postoperative course was uncomplicated. 

Gastric analysis on June 19 (fifteenth postoperative day) showed free hydro- 
chloric acid of 0, total acid of 20, no lactic acid, no blood and no significant 



c 


Fig. 10 (case 4). — A, roentgenogram taken before operation, showing the J 
type of ptotic stomach and the almost completely obstructed pylorus; B, seven- 
teenth day after operation (note the improved position of the stomach and the 
invaginated duodenum) ; C, closer view of the duodenogastric intussusception. 

organism. Alcohol and histamine gastric anal)'sis on June 26 showed: free 
hydrochloric acid, 0 ; total acid, 14 ; lactic acid, 0 ; blood, a trace ; pa 4, and 
mucin, 89 mg. per hundred cubic centimeter. Gastric analj'sis (alcohol and 
histamine) on June 30 showed: free hydrochloric acid, 32; total acid, 38; lactic 
acid, 0; blood; ps, 8, and mucin, 89 mg. per hundred cubic centimeters. 

Postoperative roentgen examination of the gastrointestinal tract after the 
ingestion of a barium meal showed good filling of a rather large stomach ; narrow- 
ing of the distal end of the pylorus; considerable irritabilitj^ over this area; 
persistent deformity of the duodenum, pylorus and bulb, which is found in duodeno- 
gastric intussusception (operative procedure), and mild dilatation of the second and 
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third portions of the duodenum. At six hours there was a trace of barium in the 
stomach, and the head of the meal was progressing normally. At twenty-four 
hours the colon was nearly empty. 

The patient was discharged from the hospital on June 30 free from all 
gastrointestinal symptoms. 

Case S. — Mrs. C. E., a housewife, aged 41, was admitted to the Long Hospital 
on June 22, 1937. She complained of pain in the epigastrium, left shoulder, neck 
and face; loss of weight (70 pounds [31.8 Kg.] in two and one-half years), and 
nausea and vomiting. She had had pain in the left shoulder and in the left side 
of the neck for eight to ten years. There had been some gastric discomfort 
during this time, and she complained of extreme nervousness. 

Physical findings included evidence of loss of weight, an edematous throat, 
a lipoma at the insertion of the left deltoid, no masses or tenderness in the abdomen, 
hyperactive reflexes and retroversion of the uterus. The blood pressure on entry 
was 150 systolic and 100 diastolic, the temperature 98.6 F. and the pulse 90. 

Laboratory examination showed ; hemoglobin, 10 Gm. ; red blood cells, 3,220,000 
to 3,400,000, and white blood cells 7,500 to 8,050. Urinalj'ses showed: albumin, 
slight trace, and pus cells, occasional to 20. The phenolsulfonphthalein test 
showed an output which varied from 5 to 15 per cent for fifteen minutes. On entry 
gastric analyses showed: free hydrochloric acid, 74; total acid, 109, and blood, 
plus. The patient was placed on the Sippy management. Gastric analyses 
showed: on June 25, free hydrochloric acid, 59; total acid, 78, and blood, plus: 
on June 26, free hydrochloric acid, 54 ; total acid, 88, and blood, plus ; on June 27, 
free hydrochloric acid, 10; total acid, 79, and blood plus; on June 28, free 
hydrochloric acid, 49; total acid, 56 and blood, 0. Alcohol and histamine gastric 
analysis on July 3 showed : free hydrochloric acid, 0 ; total acid, 14 ; lactic acid, 
52; blood, 0, and mucin, 0. The Mosenthal test showed a variation in the spe- 
cific gravity from 1.008 to 1.01. The total nonprotein nitrogen content of the 
blood on June 28 was 42 mg. On July 3 the nonprotein nitrogen content of the 
blood was 55 mg. per hundred cubic centimeters, the urea nitrogen content 
was 28 mg. and the creatinine content was 1.8 mg. 

Preliminary fluoroscopic and roentgenographic examination of the chest showed 
mild bronchial increase of the pulmonary fields, with some small calcifications. 
There was good excursion of the diaphragm. Studies of the gastrointestinal 
tract (the patient was given part of a meal) showed a markedly enlarged ptotic 
stomach. Some fluid was present before ingestion of the barium. At no time were 
we able to visualize the bulb. At six hours there was about 80 per cent retention 
in the stomach. Otherwise there was normal progress of the meal. The diagnosis 
was stenosing ulcer (fig. 11 .^4), 

On July 6 the patient was operated on under ether anesthesia. The abdomen was 
opened through an upper right paramedian incision. Exploration of the abdomen 
revealed a large liver, extending about 2 inches (5 cm.) below the costal margin, 
the gallbladder was enlarged and filled with stones; the duodenum had a large 
ulcer on the posterior side which was adherent to the pancreas; the pancreas rvas 
found to contain a small cyst, about the size of a walnut. The hepatogastric 
and hepatoduodenal ligaments were carefully divided between catgut ligatures, 
and the posterior portion of the stomach was explored. A large ulcer was foun 
distal to the pylorus and adherent to the pancreas. The gastrocolic ligament 
and the greater omentum were divided from a point corresponding to the superior 
edge of the pyloric antrum to a point about 1)4 inches (4 cm.) distal to t e 
pyloric sphincter. The pylorus was found to be obstructed. It was divided longs 
tudinally, and the ulcer was clearly seen on the posterior wall of the duodenum. 
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It was about the size of a 10 cent piece. The longitudinal incision was closed 
transversely with a continuous lockstitch of no, 0 chromic catgut. The stomach 
was brought down over the suture line with interrupted silk sutures in two 
tiers, producing duodeiiogastric intussusception. The patency of the pyloric 
sphincter was tested and found to be normal. The greater omentum was sutured 
down over the field of operation, and the abdomen was closed without drainage 
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with no. 0 plain catgut on peritoneum and muscle, no. 0 chromic catgut on fascia 
and interrupted silk sutures on skin (fig. 5). 

Postoperative gastric analyses in this case revealed uniform absence of free 
hydrochloric acid, with a variable total acid content and a high mucin content 
(fig. 12). 

The patient made an uneventful recovery, and on August 20 she was given a 
barium meal, and some degree of obstruction was still evident at the pylorus. 
On August 21 (forty-seven days after operation) an alcohol and histamine 
meal revealed (fourth specimen): total acid, 68; free hydrochloric acid, 60, and 
mucin, 23. 

This case illustrates the feasibility of the operation in cases of posterior adherent 
ulcer. However, it is suggested that every effort be made to free the ulcer 
so that the complete operation can be performed. This was the only case in 
which there was evidence of persistent partial obstruction after one month and 
the only one in which there was a high acid content after the ingestion of an 
alcohol and histamine meal, although the mucin value also was high. The patient 
is now free from symptoms. 

SUMMARY OF RESULTS 

The operation was entirely satisfactor}’- in all but the last case, 
There were no deaths, and a follow-up study showed the patients to 
be clinically well. Tlie acid values remained within normal limits or 
low and the mucin content high. (According to Anderson and Fogel- 
son,® the normal average is 0.4 to 0.7 mg. per cubic centimeter. Our 
patients showed values up to 2.2 mg.) Roentgenograms made post- 
operatively sliowed the invaginated duodenum as a large fold pointing 
into the lumen of the pyloric antrum. At first it was thought that this 
might narrow the lumen and cause partial pyloric obstruction in those 
patients without longitudinal division and transverse suture of the 
pylorus. However, our follow-up roentgenograms clearly demonstrated 
that the lateral pull of the stomach opens the pylorus wider than normal. 
In case 5 the narrowing persisted longer than in the others. In the 
woman with marked gastroptosis the stomach assumed a more normal 
position. 

CONCLUSIONS 

From the small group of cases studied we may conclude that the 
operation which we have called duodenogasti'ic intussusception should 
have a place in the surgical attack on peptic ulcer. 

The comparative ease of performance, low mortality rate and excel- 
lent clinical results seem to indicate that this procedure is rational and 
practicable. 

8. Anderson, R. K., and Fogelson, S. J. : The Secretion of Gastric Mucin in 
Man: A Comparative Study in the Normal Subject and in the Patient with 
Ulcer in Response to an Alcohol Test Meal, J. Clin. Investigation 15:169- 
(March) 1936. 



ORIGIN OF CARCINOMA IN CHRONIC 
GASTRIC ULCER 


SAMUEL H. KLEIN, M.D. 

NEW YORK 

Almost a century ago, Cruveilhier ^ distinguished between peptic 
ulcer and carcinoma of the stomach and expressed the opinion that in 
certain cases malignant degeneration of a peptic ulcer might occur. 
Since then a voluminous literature, more or less controversial, has 
accumulated on the question of malignant degeneration of a preexisting 
benign ulcer of the stomach. It is now generally conceded that so-called 
“ulcer-carcinoma” - does exist as a pathologic entity. The point about 
which discussion still centers, however, is the incidence of such a lesion. 

Cabot and Adie ^ reviewed 82 reports in the literature and noted 
that approximately half the authors concluded that the development of 
carcinoma from ulcer occurs in less than 10 per cent of cases. 

Newcomb,^ in a comprehensive survey, listed the statistics of 102 
observers who estimated the proportion of gastric carcinomas originat- 
ing in primary benign ulcers. Among these, 51 stated that not more 
than 10 per cent of gastric carcinomas arise in peptic ulcer, 74 announced 
the incidence to be less than 20 per cent and 15 recoi'ded figures exceed- 
ing 50 per cent. The entire series covered a range from zero to “over 
90 per cent.” 

Hauser “ assembled the statistics based on pathologic anatomic studies 
of a large series of gastric ulcers from several German clinics. He 
found that only 3.4 per cent of a collected group of 1,774 gastric ulcers 
showed evidence of carcinomatous change and that the average incidence 
in the individual reports was 2 per cent. His figures are shown in table 

From the Laboratories and Surgical Services of the Mount Sinai Hospital. 

1. Cruveilhier, J. ; Anatomie pathologique du corps humain, Paris, J. B. 
Bailliere, 1829-1835, vol. 1 ; 1835-1842, vol. 2. 

2. In this paper the term “ulcer-carcinoma” will be used to designate a car- 
cinoma which has developed in a primary benign chronic gastric ulcer. 

3. Cabot, H., and Adie, G. C. : Etiology of Cancer of the Stomach, Ann. 
Surg. 82:86, 1925. 

4. Newcomb, W. D. : The Relationship Between Peptic Ulceration and 
’Gastric Carcinoma, Brit. J. Surg. 20:279, 1932. 

5. Hauser, G. : Die krebsige Entartung des chronischen Magen- und 
Duodenalgeschwures, in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologic, Berlin, Julius Springer, 1926, vol. 4, pt. 1, 
pp. 497-518. 
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J, reproduced from his monograph. Two of the most recent papers 
on the subject, however, reported figures which are at variance. 
Gomori ® found 6 tumors which he designated as ulcer-carcinoma in a 
group of 64 chronic gastric ulcers and 26 carcinomas. He concluded 
that “because carcinoma relatively frcc|uently arises in peptic ulcer, such 
ulcers should be resected whenever possible.” Newcomb,* on the other 
hand, found only 6 ulcer-carcinomas in a series of 160 chronic gastric 
ulcers and 46 carcinomas. 

It is obvious that the wide variation in the frequency of ulcer- 
carcinoma as reported in the literature depends on the type of cases 
selected for study and on the methods employed. Necropsy material 
is generally unsuitable because by the time a patient has died as the 
result of his gastric cancer the lesion has usually progressed to such an 

Table 1 (From Hauser’s Monograph). — Frequency of Ulcer-Carcinoma Based 
on Pathologic-Anatomic Statistics 


Kumber of 


Author 

Clinic 

Ulcers 

nomns 

Per Cent 

Schouermnnn 


00 

1 

1.0 

Berthold 


294 

4 

1.S 

Wolowelsky 


ISO 

2 

1.4 

Cohn 

Kiel 

293 

0 

2.0 

Grelss 

Kiel 

ISC 

4 

2.9 

Schneider 


89 

S 

3.4 

Brinkmann 

Kiel 

725 

■ 40 

5.5 

Total 


... 1,774 

CO 

3.4 





Average 2% 


extent that any possible preexisting ulcer has been completely overgrown 
by the malignant growth. In 4,400 autopsies done at this hospital, only 
1 tumor suggestive of ulcer-carcinoma was found, and the patient with 
this tumor had died of a cause unrelated to the gastric lesion. 

The percentage, of course, varies according to whether the incidence 
of the condition is sought in a series of ulcers or in a series of 
carcinomas. 

The incidence of ulcer-cai'cinoma also depends on the type of patients 
treated in a particular clinic and on the methods of treatment used by 
that clinic. That is to say, if patients with gastric disturbances apply 
for treatment early in the course of the disease a larger number of 
operable carcinomas will be found ; this will provide a larger numbei of 
specimens for study. Should the method of treating patients with peptic 
lesions be radical, a larger series of ulcers will also become available. 
Conversety, if most of the ulcers are treated medically the statistics 

6. Gomori, G. : Carcinoma Arising from Chronic Gastric Ulcer, Surg., Gynec- 
& Obst. 57:439, 1933. 
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obtained from observation of the relatively small number of operative 
specimens will not provide a true index of the incidence of ulcer- 
carcinoma. 

The wide variations in the reported statistics are probably due to 
the lack' of definite criteria on which to base the diagnosis of ulcer- 
carcinoma. Newcomb ^ noted in his review of the literature that some 
of the figures were based on clinical examinations, some on roent- 
genologic evidence, some on histories and comparatively few on precise 
anatomic studies. It is on the last-mentioned class that one must depend 
for the diagnosis of ulcer-carcinoma. Clinical evidence, although 
frequently suggestive, is too often misleading. 

The history presented by the patient is often unreliable. Experience 
indicates that symptoms of other conditions may clinically simulate the 
typical symptoms of peptic ulcer. Among these conditions are the 
psychoneuroses, simple functional disturbances, gastritis, duodenitis, 
cholecystitis and cholelithiasis. Further, one often sees patients with 
primai'y carcinoma of the stomach whose symptoms definitely suggest 
the presence of peptic ulcers. Maes and McFetridge studied 200 
surgical cases of gastric cancer and noted that 50 of the patients had 
presented histories perfectly typical of ulcer. 

Even a prolonged history of symptoms may not be of value in the 
diagnosis. Hauser ® stated that the scirrhous form of gastric cancer 
may produce an illness of several years’ duration and quoted Leberts’ 
statistics on 103 cases, in 9 per cent of which the cancer had a duration 
up to two years and in 8 per cent a duration up to four years. 

It is not unusual to find free hydrochloric acid persisting in the 
gastric contents of patients with undoubted primary gastric carcinoma; 
even hyperchlorhydria is occasionally noted. 

' With the aid of roentgen examination it is possible to make an 
accurate diagnosis of gastrointestinal lesions in a large number of cases. 
Nevertheless, there is no picture characteristic of ulcer-carcinoma, and 
not infrequently it is impossible to state from a given examination 
whether the gastric ulcer is benign or malignant. 

Finally, evidence obtained at a previous operation, such as exploratory 
laparotomy, suture of a perforated gastric lesion or gastroenterostomy, 
cannot be relied on. Every surgeon is familiar with the difficulty in 
differentiating, between benign ulcer and carcinoma by examination of 
the lesion in situ. In addition, there are lesions which are difficult to 
diagnose even when the stomach is opened ; microscopic study of such 

7. Maes, U., and McFetridge, E. M.: The Place of Surgery in the Therapy 
of Peptic Ulcer, New York State J. Med. 36:1399 (Oct. 1) 1936. 
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lesions is required to determine their nature. Anschutz and Konjetzny ® 
found, on the basis of extensive statistics, that in only 3.3 to 6.9 per 
cent of cases in which gastroenterostomy was performed for ulcer did 
carcinoma appear later. In 2.5 to 4.9 per cent of these cases, the 
carcinomas occurred within two )'ears; in onl}”^ 1.1 to 3.4 per cent did it 
occur after a longer interval. Only in the latter group could the lesion 
be assumed to be carcinoma ex ulcere. 

Hauser,^ in commenting on these findings, suggested that if the 
carcinoma occurred within two years after the gastroenterostomy it 
might have been present at the time of the operation. 

ANATOMIC CONSIDERATIONS 

The anatomic diagnosis of ulcer-carcinoma involves two problems: 
first, to establish proof of the preexistence of a benign chronic peptic 
ulcer and, second, to demonstrate the presence of malignant degen- 
eration. 

DIAGNOSIS OF CHRONIC GASTRIC ULCER 

Gross Features . — Chronic callous gastric ulcer, as a rule, occurs 
singly and is generally situated along or close to the lesser curvature in 
the antral portion of the stomach. It may occasionally be found near 
the cardia or in the body of the stomach, but this is uncommon. The 
defect may be round, oval or eccentric in shape, with its long axis either 
parallel with the lesser curvature or horizontal so that it saddles it. 
The margins are usually smooth, and the surrounding mucous membrane 
is injected and inflamed in varying degree, yet is freely movable on 
the submucosa. While the edges may have a sharply punched out 
appearance, it is more common to find the superior edge overhanging 
and steep while the distal border slopes upward gradually in steplike 
or terrace formation, so that a longitudinal cross section through the 
center of the lesion resembles a fish hook or an inverted funnel. 
Hauser ® concluded that this characteristic shape of the ulcer is 
dependent on the normal vascular distribution in the gastric wall. This 
opinion is opposed to the mechanical theory supported by Rothman, 
Stromeyer,^® and others who have contended that the chronic gastric 
ulcer retains its characteristic form mainly through the mechanical effect 

8. Anschiitz, W., and Konjetzny, G. E. ; Die Geschwiilste des Magens, in 
Billroth, T., and Luecke, A. : Deutsche Chirurgie, Stuttgart, Ferdinand Enke, 
1921, vol. 46, pt. 1, pp. 72-102. 

9. Rothman, A. ; • Chronisches Magengeschwiir in seiner Beziehung zum 
Magenkrebs, Arch. f. klin. Chir. 175:201, 1933. 

10. Stromeyer, F. : Die Pathogenese des Ulcus venrticuli, zugleich ein Beitrag 
zur Frage nach den Beziehungen zwischen Ulcus und Carcinom, Beitr. z. pa 
Anat. u. z. allg. Path. 54:1, 1912. 
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of the passage of the gastric contents along the magenstrasse. The 
depth of the crater varies considerably in different specimens, depend- 
ing on the phase in which the ulcer is seen, that is, the degree of destruc- 
tion relative to the amount of healing that has taken place. The surface 
of the base of the ulcer may be covered with mucus, fibrin, necrotic 
debris or mucopurulent exudate. Considerable inflammation is fi'equently 
evident on the serosal surface in the region of the ulcer with the produc- 
tion of adhesions to surrounding structures, such as the transverse 
mesocolon, the liver and, more particularly, the pancreas. Occasionally, 
penetration has advanced to such a degree that the entire thickness of the 
base of the ulcer is destroyed and the floor of the ulcer consists actually 
of the agglutinated surface of the liver or the pancreas. 

Occasionally, however, a chronic peptic ulcer may present an atypical 
gross appearance because of the severe distortion produced by cicatriza- 
tion and adhesions. This may also occur after a previous surgical 
operation on the stomach, such as suture of a free perforation. 

Histologic Features . — The microscopic examination of the chronic 
gastric ulcer necessarily includes a consideration of both its base and 
its margins. Even more than the gross picture, the microscopic picture 
of the structure of the peptic ulcer depends on the phase of destruction 
and repair present at the time of examination. In the active stage, the 
bed of the ulcer presents several fairly well defined zones (Askanazy : 
(1) a film of mucus on the surface; (2) a fibrinopurulent layer; (3) 
a layer of necrotic debris enmeshed by fibrin ; (4) a zone of granulation 
tissue; (5) a stratum of dense fibrous tissue showing the evidences of 
chronic inflammation (in some cases there is considerable vasculariza- 
tion; in others blood vessels may be scarce), and (6) the serosal layer. 

When the process of repair predominates, the base of the ulcer 
consists essentially of a mass of scar tissue on the surface of which is 
a narrow layer of necrotic material and fibrinopurulent mucus. If there 
has been severe destruction of the gastric wall the floor may be extremely 
thin, and occasionally one finds pancreatic or hepatic tissue in the base 
of the defect. 

Most important is the fact, described by Hauser ® and accepted by 
most authors, that the base of the ulcer is almost always entirely free 
of rauscularis. The segment of the muscularis corresponding to the 
area of the ulcer is completely destroyed, and the free ends of the 
muscular layer characteristically bend upward into the ulcer margin, 
sharply demarcated against the connective tissue of the base. This is 
in contrast to the condition, seen in many carcinomas, in which there 
is retention of the muscularis in the base with splitting and separation 

11. Askanazy, M.; L’etiologie et la pathogenic de I’ulcere rond de I’estomac, 
Rev. med. de la Suisse Rom. 40:477, 1920. 
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of the muscle fibers by the infiltrating malignant cells. Frequently, 
this turning up of the inuscularis into the ulcer margins can be seen 
in cross sections with the naked eye, 

Newcomb described an additional feature which he considered 
pathognomonic of benign chronic gastric ulcer. This consists of the close 
approximation or fusion of the inuscularis propria and the inuscularis 
mucosae at the edge of the ulcer, produced by the contraction of scar 
tissue in the process of healing. He found this condition in some part 
of all but 1.5 per cent of 154 chronic gastric ulcers. Gomori,® however, 
reviewed 64 cases of chronic ulcer of the stomach and found actual 
fusion of the two muscular layers in but 34 cases. There was some 
approximation in 22 cases, and the position w'as unchanged in 5 cases. 
In 3 instances distinct progressive separation of both la 3 'ers toward the 
edge of the ulcer was observed. He stated that whether or not the sign 
described by Newcomb * is found depends largely on the phase of 
destruction or healing which happens to prevail at the time of the 
examination. 

The blood vessels in the floor of the ulcer frequently show end- 
arteritis and thrombophlebitis. All stages of involvement may be 
encountered, including thrombosis, organization and recanalization. 
Occasionally a fortunate section shows a vessel near the surface under- 
going destruction, thus demonstrating the mechanism of hemorrhage. 

The reparative process on the part of the mucous membrane at the 
edge of the ulcer often produces bizarre epithelial overgrowths. These 
may occur as small clumps of cells, as narrow cords or as abnormal acini 
made up of cells which may exhibit var^dng degrees of atypia. These 
structures may even become detached and buried in the contracting 
cicatrix of the base, Newcomb found the evidences of atypical 
epithelial proliferation in 29 per cent of 161 chronic gastric ulcers, and 
Dible observed them in 32 per cent of 126 ulcers. Several authors 
have called attention to the fact that the heterotopia and atypia of the 
regenerating epithelium have frequently led to an erroneous diagnosis 
of carcinoma. This probably accounts for the high incidence of carci- 
nomatous degeneration of chronic peptic ulcers reported in some senes. 

DIAGNOSIS OF CARCINOMA 

It is not within the province of this paper to discuss the criteria for 
the diagnosis of cancer. These depend on the usual pathologic features 
of anaplasia, local invasion and metastasis. As has been indicated, great 
care must be exercised in differentiating nonmalignant heterotopic 
atypical epithelium from true carcinoma. 

12. Dible, J. H. : Gastric Ulcer and Gastric Carcinoma, Brit. J. Svrg. 12.666, 
1924. 
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DIAGNOSIS OF ULCER-CARCINOMA 

By definition, an ulcer-carcinoma of the stomach is a carcinoma 
which has developed secondarily in a preexisting chronic peptic ulcer. 
To prove this sequence of events is by no means simple. 

The macroscopic examination is of little value, for it is well known 
that the typical gross form of chronic benign ulcer may be exactly 
reproduced by an ulcerated primary carcinomatous growth. 

Even the characteristic microscopic features of chronic callous peptic 
ulcer may be duplicated in ulcerated cancer (Hauser,® Stromeyer,^® 
Anschutz and Konjetzny,® Moszkowicz,^® Dible and Newcomb^). I 
examined 100 surgical specimens of primary gastric carcinoma and 
readily confirmed this fact. In addition, particular attention was paid 
to the relationship of the muscularis mucosae and the rauscularis propria 
in the ulcerated carcinomas, and they were observed to be closely 
approximated in 3 specimens. This finding is in disagreement with New- 
comb’s contention that this sign is pathognomonic of primary peptic 
ulceration. The approximation of the two muscular layers appears to 
be merely a frequent result of chronic peptic ulceration and may there- 
fore also be observed in a secondarily . ulcerated carcinoma in which 
peptic digestion has proceeded to a degree to involve normal tissue and 
produce the typical pathologic picture of chronic peptic ulcer. 

Because of the possible similarity between primary peptic ulcer and 
ulcerated carcinoma and the lack of a specific anatomic feature which 
would indicate the preexistence of a benign lesion, it seems necessary to 
follow the most conservative and critical criteria for the diagnosis of 
ulcer-carcinoma, such as were outlined by Hauser ® and supported by 
Borrmann and b}^ Anschutz and Konjetzny.® These criteria require 
that, in addition to the presence of the characteristic features of chronic 
peptic ulcer, the carcinoma must be localized to a narrowly circumscribed 
area of the margin of the ulcer while the base is entirely free of cancer 
or is, at least, only slightly infiltrated adjacent to the focus of origin of 
the tumor. This picture, of course, is seen only with the carcinoma in 
the earliest stage. In more advanced stages of ulcer-carcinoma, accord- 
ing to Spilsbury,^® the malignant cells may advance from the margin 
of the ulcer into the tissue of the base, where they must traverse dense 
connective tissue poorly supplied with blood and having a precarious 

13. Moskowiscz, L. : Ueber einen Fall von jungen “Ulcuscarcinom” des 
Magens, Virchows Arch. f. path. Anat. 253:511, 1924. 

14. Borrmann, R. : Ulkuskarzinom, in Henke, F., and I.ubarsch, O. : Hand- 
buch der speziellen pathologischen Anatomic und Histologic, Berlin, Julius 
Springer, 1926, vol. 4, pt. 1, pp. 902-917. 

15. Spilsbury, B. H., and Ryffel, J. H.: The Morbid Anatomy and Histologj' 
of Gastric Ulcer, with Special Reference to Its Relationship to Cancer of the 
Stomach, Free. Roy. Soc. Med. 15:25, 1921-1922. 
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lymph flow; or they may grow into the normal wall of the stomach, 
where a loose arrangement of the tissues, abundant blood supply and a 
free lymph flow exist to facilitate their spread. From the knowledge 
of the behavior of carcinoma generally, it seems probable that such a 
tumor would infiltrate the surrounding healthy tissues more readily than 
the scar tissue in the base of the ulcer. Thus, as illustrated by Borr- 
mann,^'‘ the ulcer would be eccentric in relation to the area of carcinoma 
rather than in its center. In the advanced stages of the disease the 
diagnosis is extremely difficult and maj' even be impossible. 

A critical evaluation of the criteria mentioned, however, reveals' two 
possible sources of error. Hauser,® Borrmann,^'' Strome)'er,^® Anschutz 
and Konjetzny ® and others have discussed the possibility of the inde- 
pendent occurrence of ulcer and carcinoma anatomically close to one 
another in the same stomach. The two lesions, by their progressive 
enlargement, might finally meet and thus produce the illusion of a 
carcinoma arising in the edge of a chronic ulcer. As pointed out by 
Gdmdri,® however, the tumor would tend to be most voluminous at its 
focus of origin rather than at the margin of the ulcer. The other point 
to be considered in the diagnosis of ulcer-carcinoma is the possibility 
of the complete or almost complete ulceration of a primary new growth 
so that there remains little, if any, carcinomatous tissue and what little 
there is can be found only after careful microscopic examination 
(Moszkowicz,^® Stromej'er,^® Billroth,^® Ziegler ^'^). Such severe 
destruction would probably also explain the production of the “ring” 
form of carcinoma, which consists of a cancer-free typical peptic ulcer 
base surrounded by a residual circle of neoplastic tissue (Stromeyer,^” 
Borrmann^^). Gomori,® on the other hand, concluded that such a 
lesion might be a primary peptic ulcer in whose border carcinoma has 
developed in simultaneous multicentric foci rvhich have fused to form 
a ring. As evidence in support of this theory, he presented a case m 
which the ring of cancer was incomplete and also cited the report^® of 
a similar lesion. This evidence does not appear to be conclusive, how- 
ever. In view of the frequency with which extensive ulceration of 
gastric carcinoma is observed, it is probably more logical to account for 
, the incomplete circle on the basis of additional destruction of a segment 
of the circumference of the carcinomatous ring. 

In the light of these criticisms, it seems that there is a possibility 
that carcinoma originating in peptic ulcer may not exist. The term 
ulcer-carcinoma, therefore, should be used only if these considerations 
are borne in mind. 

16. Billroth, cited by Anschutz and Konjetzny.® 

17. Ziegler, cited by Anschutz and Konjetzny.® 

18. Klein, E., and Demuth, F.: Zur Frage des Ulcus-Karzinoms des Magens, 
Beitr. z. path. Anat. u. z. allg. Path. 79:117, 1927; cited by Gomori.® 
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MATERIAL AND METHODS 

The material studied was drawn from a series of 1,057 gastrectomy specimens 
received in the pathologic laboratories at the Mount Sinai Hospital from January 
1928 to July 1936 and from 4,400 autopsies performed during the same period. 
The surgical specimens were classified as shown in table 2. From the careful 
routine gross and microscopic examinations of this rather extensive material, a 
provisional diagnosis of ulcer-carcinoma of the stomach was made for 11 specimens. 
Ten of these were from the surgical series and 1 from the postmortem series. 
The evidence furnished by the routine examination was not considered sufficient 
for the establishment of a definite diagnosis. Consequently, these specimens were 
made the subject of special investigation. 

The routine microscopic sections were first carefully examined. Three speci- 
mens were eliminated because they did not satisfy the criteria of ulcer-carcinoma. 
Two of these were considered to be ulcerated carcinomas and 1 a chronic 

Table 2 . — Gastrectomy Material Received from Jan. 1, 1928 to July 1, 1936. 


Gastric utcer 

Gastric carcinoma 
Duodenal ulcer. 


Healed ulcers,. 


fdaodenal and gastric 1 

• gastric..*.,. 3 


duodenal 7 




Gastritis.. 

Gastritis and erosions 

Duodenitis 

I>uodenitis and erosions 

Duodenitis and gastritis 

Jejunal or gastrojejunal ulcer 

Sarcoma (various types) 

Hodgkin’s disease 

Syphilis 

Sliscellaneous 

Condition suggestive ol ulcer-carcinoma 


139 

344 

351 

11 

59 

0 

19 

8 

18 

57 

22 

2 

1 

10 

10 


Total, 


1,057 


peptic ulcer with definite atypical hyperplasia of the mucous membrane. The 
remaining 8 were then studied by means of the following technic: 

A full size outline drawing was made of the gross specimen. The entire ulcer 
was then cut serially into numbered blocks, and these were accurately outlined in 
the drawing. Microscopic sections were cut from each block and stained with 
hematoxylin and eosin. Representative sections were also stained by the Van 
Gieson method to determine the arrangement of the muscular layers. Each 
section was examined for the various features of chronic peptic ulcer and for the 
presence of carcinoma. An outline drawing was then made of each microscopic 
section to show the distribution of the malignant growth. Finally, the entire 
lesion was reconstructed in the form of a composite relief drawing, thus demon- 
strating the extent of the tumor in relation to the ulcer’s base, its margins 
and the surrounding tissues. This method was suggested by Konjetzny’s 
diagrammatic illustration of 1 of his 2 reported ulcer-carcinomas. 

19. Konjetzny, G. E. : Ueber die Beziehungen der chronischen Gastritis mit 
ihren Folgeerscheinungen und des chronischen Magenulcus zur Entwicklung des 
Magenkrebses, Beitr. z. klin. Chir. 85:455, 1913. 
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REPORT OF CASES 

Case 1. — A 33 year old woman was admitted to the surgical service of Dr. 
A. A. Berg. Her symptoms, which were of two years’ duration, consisted of 
daily attacks of epigastric pain, relieved by vomiting and unrelated to the ingestion 
of food. The pain was constant for three days before her admission to the hospital. 
A gastric test meal was attempted, but the contents of the stomach were bloody. 
The stool gave a positive reaction to the test for occult blood. The clinical 
impression was that of a penetrating peptic ulcer. The patient’s condition improved 
when she was given a Sippy diet. A series of gastric roentgenograms taken after 
clinical improvement revealed a penetrating lesion in the antrum of the stomach, 
which appeared to be benign. A subtotal gastrectomy was performed. 



B 

Fig. 1. — A, photograph of an ulcer-carcinoma (?). Note the typical form of 
chronic peptic ulcer. P indicates the proximal side of the specimen. B, photo- 
graph of a longitudinal cross section. Note the overhanging superior lip and the 
sloping distal margin of the ulcer. The arrow points to the sharply demarcated 
muscularis turned up into the edge of the ulcer. 

Examination of the specimen revealed an oval ulcer 2.5 by 1.8 cm. on the 
lesser curvature in the antrum of the stomach (fig. lA). The proximal edge 
of the ulcer was overhanging, and the distal margin sloped up gradually. The 
base was red, and at one side the staircase appearance of the ulcer was distinct. 
The distal edge was rough in contrast to the smooth appearance of the mucosa 
on the proximal side, and at this point the mucosa was mobile whereas at 
the distal margin it was fixed. No lymph nodes were found in the gross specimen. 
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A longitudinal section of the ulcer presented the typical fish hook form of 
chronic peptic ulcer, and even macroscopically the muscularis could be seen 
turning upward into the edge of the ulcer (fig. \B). 

Alicroscopically the lesion showed all the characteristic features of chronic 
peptic ulcer (fig. 2). A small area of carcinoma was localized at the distal 
margin (fig. 3). The base was free from carcinoma. Early invasion of the sub- 
mucosa was seen in only one block. There was considerable atypical epithelial 
hyperplasia of the mucosa adjacent to the carcinomatous area. In addition, two 
distinct areas of adenocarcinoma were noted at a little distance from the main 
focus. There seemed to be a gradual transition between the atypical epithelium 
of the hyperplastic mucous membrane and the areas of carcinoma. Microscopically 
several small lymph nodes were seen which were free of metastatic involvement. 
Figure 4 shows the final relief drawing illustrating the distribution of carcinomatous 
growth. 



Fig. 2. — Low power photomicrograph of a section taken from the block shown 
in figure 1 B. Arrow a points to the area of carcinoma at the distal edge of the 
ulcer; arrow b indicates the fusion of the muscularis mucosae and muscularis 
propria, and arrow c marks the characteristic callous peptic ulcer base, in which 
the muscularis has been completely destroyed. Note the many blood vessels in 
the base; these show inflammatory changes. 

Case 2.— The patient was an electrician 47 years of age. His symptoms con- 
sisted essentially of postprandial epigastric pain over a period of six years, relieved 
by a modified Sippy diet. He was operated on at another hospital for the suture 
of a free perforation of a large callous ulcerated lesion of the anterior wall of 
the stomach in its midportion adjacent to the lesser curvature; at that time the 
lesion was considered to be possibly malignant. Since then, for one year, he 
had had postprandial pain in the epigastrium, eructations, pyrosis and occasional 
vomiting. The pain was relieved by the ingestion of milk and alkalis. He was 
admitted to this hospital under the care of Dr. A. O. Wilensk}’, and a subtotal 
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gastrectomy was performed. Considerable difficulty was encountered during the 
operation in separating the stomach from the liver and the pancreas, to which 
it was densely adherent. 

The specimen presented a distorted appearance, probably because of the 
extensive adhesions and the previous surgical procedure. Along the inferior 
edge of the specimen there was infiltration with scar tissue, and there were 
two ulcerated areas which had probably formed one large ulcer in the intact 
stomach. The lesion measured 3 by 2.5 cm. The base consisted partially of 
adherent brownish green hepatic tissue. The margin of the ulcer was somewhat 
indurated by cicatricial tissue. There was thick scar tissue beneath the ulcer. On 
reconstruction of the specimen it was apparent that the ulcer was at the pyloric 
end, saddling the lesser curvature. No lymph nodes were found. 



Fig. 3. — Medium power photomicrograph of the area of carcinoma indicated 
by the arrow in figure 2. 


Microscopic examination revealed all the typical features of chronic peptic 
ulcer. Three distinct areas of adenocarcinoma, well localized at the ulcer margin, 
were found, as shown in figures S and 6. Evidence of early carcinomatous inva- 
sion was found in only one block. 

Comment . — According to the pathologic criteria employed in this 
study, the lesions in cases 1 and 2 might be- considered examples of 
chronic benign peptic ulcers which had undergone malignant degen- 
eration. Both lesions presented all the characteristic features of chronic 
peptic ulcer ; there were localized areas of carcinoma in the ulcer margins, 
and the ulcer floors were completely free of cancerous infiltration. 
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Nevertheless, as has been noted, these criteria are not exempt from 
possible criticism, for precisely similar pathologic pictures might con- 
ceivably be produced by either of two other processes, namely, the almost 
complete ulceration of a primary carcinoma and the independent occur- 
rence of ulcer and carcinoma anatomically adjacent to one another, with 
subsequent fusion. Therefore, it must be conceded that although the 
lesions in these 2 cases were suggestive of so-called ulcer-carcinoma on 
the basis of the strict criteria employed their pathogenesis is still open to 
question. It does not seem possible with the morphologic evidence 
available to arrive at a more definite differential diagnosis at the present 
time. 



Fig. 4. — Composite relief drawing made from microscopic sections of serial 
blocks to show the location and extent of the carcinomatous growth. The solid 
black areas represent the multiple neoplastic foci. The base of the ulcer is free 
of cancer. 

The next case is reported as an instance of the ring form of carci- 
noma, which has been described. In my opinion, the lesion was probably 
an ulcerated primary carcinoma rather than a primary ulcer with multi- 
centric neoplastic degeneration in its borders. 

Case 3. — ^The patient was a 44 year old man who was admitted to the surgical 
service of Dr. A. A. Berg with a five year history of gastrointestinal symptoms. 
These consisted of periodic attacks of epigastric burning pain radiating to the 
right side and to the back, accompanied by epigastric distention, sour eructations 
and occasional vomiting. The pain appeared about two hours after each meal 
and was relieved by the ingestion of food and of alkalis. The attacks would 
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Fig. 5. — Ulcer-carcinoma (?). Composite relief drawing showing localized 
area of carcinoma at the ulcer margin. Note the multiple foci of neoplastic growth, 
represented by the solid black areas. The ulcer base is uninvolved. The unusual 
gross picture is due to cicatricial distortion and contraction of the specimen by 
fixation in solution of formaldehyde. 



Fig. 6. — High power photomicrograph showing carcinoma. 
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occur over a period from two to four months and a free interval of a few months 
would follow. A liberal Sippy diet during the past two years more or less 
controlled the symptoms, which, however, recurred after dietary indiscretion. 
One year prior to his admission he was examined at another institution. The 
Ewald test meal disclosed a free acid content of 92 per cent and a total acid 
content of 104 per cent. The gastrointestinal roentgen examination at this time 
showed a widened pyloric interval and a small penetrating lesion in the pre- 
pyloric region on the lesser curvature of the stomach. The diagnosis was pyloric 
ulcer and penetrating gastric ulcer on the lesser curvature of the stomach. 
Roentgen examination two weeks before admission to this hospital revealed a 
narrowing in the prepyloric region which was suggestive of a neoplasm. 

On his admission, the stool gave a positive reaction to the guaiac test for 
occult blood. The Rehfuss test meal revealed bloody gastric contents which 
showed a maximum free acid content of 44 per cent and a total acid content of 
68 per cent. 



Fig. 7. — Photograph of a “ring form” carcinoma. Note the typical form of 
chronic peptic ulcer. 

Roentgen examination of the stomach at this time showed an irregular con- 
striction of the antrum, extending from the pylorus approximately to the reentrant 
angle. There seemed to be a large ulcer within the lesion. There was slight 
delay in gastric motility. These findings suggested an ulcerating lesion in the 
antrum of the stomach, which was considered to be probably malignant. A 
subtotal gastrectomy was performed. 

Examination of the specimen revealed a crater-like ulcer 2.5 cm. in diameter 
on the lesser curvature of the antral portion of the stomach (fig. 7). There was 
penetration of the layers of the stomach wall for 1 cm. The mucosa around 
the edge of the ulcer was fairly easily movable over the deeper layers, and 
there was no heaping-up of the mucous membrane. 

Microscopic sections showed all the characteristic features of chronic peptic 
ulcer and, in addition, a carcinomatous growth distributed as shown in figure 8. 
The question mark in block II B4 indicates the area in which the mucosa was 
absent at the edge of the ulcer because of a technical error. From the entire 
picture, however, it was considered probable that the ring of carcinoma was 
complete. 
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The following 2 cases are presented to illustrate the occurrence of 
typical chronic peptic ulceration in a primary carcinoma and the value 
of the serial block examination in the differential diagnosis of gastric 
ulcers. 

Case 4.— A man 42 years of age was admitted to the surgical service of Dr. 
R. Lewisohn. His illness began eighteen months prior to admission, with symp- 
toms of epigastric pain and abdominal distention which occurred one and one-half 
to two hours after each meal and were readily relieved by the use of sodium 
bicarbonate and by the ingestion of milk and cream. There was mild anore.xia, 



Fig. 8. — Composite relief drawing showing the “ring form” of carcinoma. The 
stippling represents malignant growth. The base of the ulcer shows only slight 
carcinomatous infiltration. 

and he vomited on several occasions. For six months his diet was restricted 
almost exclusively to milk and cream administered every one to two hours. This 
resulted in only partial relief of pain. 

Roentgen examination of the 'stomach two weeks before admission revealed 
the presence of a niche at the reentrant angle. The vomitus gave a strongly 
positive reaction to the guaiac test for occult blood. The Wassermann test was 
negative. The clinical diagnosis was chronic peptic ulcer of the stomach. At 
operation, a deeply penetrating ulcer above the reentrant angle was found, ana 
a subtotal gastrectomy was performed. 
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The opened stomach presented a large oval ulcer saddling the lesser curvature 
5 cm. above the pyloric ring (fig, 9 A). The defect measured 2 by 2.5 cm. Its 
margins were smooth and had a punched-out appearance, and its base was 
deep, extending into the gastric wail for 1.25 cm. Macroscopically the surround- 
ing mucous membrane did not appear abnormal. In the longitudinal section the 
fish hook shape was noted, and even with the naked eye the upturning of the 
muscularis into the base of the ulcer could be seen (fig. 9J5). 

The first block taken for microscopic section was cut along the midline of 
the lesion and measured 6.25 cm. in length (fig. 10). The base and margins of 
the ulcer showed all the characteristic features of chronic peptic ulcer, including 
the approximation of the muscularis mucosae and the muscularis propria. The 



Fig. 9. — A, photograph of an ulcerated carcinoma. Note the typical form 
of chronic peptic ulcer. P indicates the proximal side of the specimen. B, photo- 
graph of a longitudinal cross section, showing the typical form of chronic peptic 
ulcer. Arrows point to the sharply demarcated muscularis turned into the ulcer 
margin. (Note the similarity to the section in figure 1 B). L.N. indicates a lymph 
node involved by metastatic carcinoma. 

mucous membrane of the superior segment of the block was completely involved 
by adenocarcinoma. The base of the ulcer was free of tumor except in the area 
just adjacent to the superior border, where there was slight infiltration. The 
mucous membrane of the distal segment presented epithelial proliferation, with 
cellular atypia and several small islands of carcinoma cells. A lymph node 
present in the section showed advanced metastatic in\ol\ement. 

From this block a provisional diagnosis of ulcer-carcinoma was ventured. 
However, complete examination of the ulcer and the surrounding area by the 
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serial block technic proved the lesion to be obviously a primary carcinoma which 
had undergone typical peptic ulceration (fig. 10). 

Case 5. — A man 70 years of age was admitted to the medical service of Dr. 
G. Baehr, He had had epigastric pain and gaseous eructations, relieved by the 
use of alkalis, for five years and “dgaret cough” for several years. Two weeks 
before admission he began to notice severe epigastric pains after eating and also 
during the night, and he vomited several times. He lost several pounds during 
one year. 

On admission, he was thin and pale. The stool gave a positive reaction to the 
guaiac test for occult blood. The Rehfuss gastric test meal disclosed a maximum 
free acid content of 40 per cent and a total acid content of 56 per cent. A series 
of gastrointestinal roentgenograms revealed a persistent prepyloric defect involving 
principally the side of greater curvature of the stomach. There was delay in 
gastric motility, evidenced by a 30 per cent residue in the stomach after six hours 



Fig. 10. — ^Composite relief drawing showing the wide distribution of the 
carcinomatous infiltration, represented by the stippling. 


and moderate residue after twenty-four hours. It could not be stated definitely 
whether this prepyloric defect was due to the presence of an old chronic ulcer or 
whether it was malignant. However, the clinical history seemed to favor the 
diagnosis of chronic ulcer. 

The patient’s poor general condition precluded operation at this time, and he 
was given a Sippy diet. Under this regimen he was free of pain and was sent 
home to continue this treatment. 

He was readmitted to the hospital several days later, acutely ill, dehydrated 
and emaciated, with a temperature of 103 to 104 F. The blood culture yielded 
Bacillus coli. The patient died four days later. 

At autopsy there was observed an infiltrating squamous cell carcinoma of the 
right main bronchus with metastases to the regional lymph nodes, bronchopneu- 
monia, pleuropericarditis and mediastinitis. In addition, there was a gastric lesion 
which was situated on the lesser curvature of the stomach 1 cm. proximal to the 
pyloric ring. It consisted of a large oval ulcer measuring S by 3 cm. (fig- 11^)- 
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The upper and lateral edges were slightly hemorrhagic, rounded and somewhat 
undermined. The distal edge was distinctly piled up and was more prominent than 
the remainder of the ulcer margin. The border here sloped gradually to a finely 
granular base. A section of this piled-up edge revealed uniformly gray tissue 
1 cm. in thickness. The serosa at the site of the ulcer showed no changes. Macro- 
scopically the gastric lymph nodes appeared normal. 

Histologic examination of the original sections (0 and O' in figure 115) led 
to the provisional diagnosis of ulcer-carcinoma. In section 0 there was a localized 
area of adenocarcinoma at the margin of the ulcer. There was also a partial 
adjacent infiltration of the base. Both of these carcinomatous areas showed all 



Fig. 11. — A, photograph of an ulcerated carcinoma. Note the typical form of 
chronic peptic ulcer. B, composite relief drawing showing the e.xtent of the 
carcinomatous growth, represented by the stippled area. 

the characteristic features of chronic peptic ulcer. Section O' was typical of 
peptic ulcer and was also entirely free of carcinoma. Sections examined by the 
serial block technic, however, revealed widespread carcinomatous infiltration of 
the base and borders of the ulcer, except in blocks 5, 10, 11, and 12. Microscopically 
the lymph nodes showed no metastatic involvement. 

On the basis of the criteria previously discussed it is impossible to state defi- 
nitely whether this lesion was an advanced ulcer-carcinoma or an eccentrically 
ulcerated carcinoma. The latter diagnosis is considered more probably correct, 
because were the growth an advanced ulcer-carcinoma one would expect in this 
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stage of growth much more widespread carcinomatous invasion of the adjacent 
stomach wall, commensurate with the degree of involvement of the base of the 
callous ulcer. 

Of the remaining 3 lesions which were studied by the serial block 
method, 2 proved to be ulcerated carcinomas and 1 a benign ulcer with 
atypical epithelial hyperplasia. 

SUMMARY AND CONCLUSIONS 

The criteria for the diagnosis of so-called ulcer-carcinoma are dis- 
cussed and evaluated. 

The characteristic pathologic features of chronic benign peptic ulcer ■ 
may be exhibited in every detail by primary gastric carcinoma which has 
undergone peptic ulceration. 

There is no one pathologic feature wliich may be considered path- 
ognomonic of the preexistence of a chronic benign peptic ulcer. 

A serial block method for the complete anatomic study of gastric 
ulcerations is described. 

In a series of 141 cases of chronic gastric ulcer and 353 cases of 
gastric carcinoma there were but 2 cases in which the diagnosis of ulcer- 
carcinoma could be suggested on the basis of certain pathologic criteria. 

The diagnosis of ulcer-carcinoma, even though based on the strictest 
available criteria, may still be open to criticism. 

It is concluded that malignant degeneration of chronic gastric ulcer, 
if it occurs at all, is rare. 

Because of the rarity of proved ulcer-carcinoma, there is insufficient 
justification for early radical surgical treatment of gastric ulcer based 
on the possible danger of malignant degeneration. 
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SPONDYLOLISTHESIS 

TREATMENT BY ANTERIOR BONE GRAIT ■ 
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Although somewhat confusing and laborious, a detailed stud}' of 
the human spine must be the basic factor in an understanding of certain 
of its clinical disorders. The one selected for discussion here is 
spondylolisthesis, a condition or anomaly formerly mentioned onl}' as 
occurring in women because of its relation to maternal dystocia. Recent 
investigation has sought the cause of pain and disabilities affecting the 
lower part of the back, which result in difficulties in awarding compen- 
sation when the condition' is directly associated with the traumas of 
occupation or when distress and restricted activity arc chronically pro- 
longed e.xclusive of a known trauma. In the course of this investigation 
the condition and its alleviation have become prominent in surgical 
research. The advent of high grade roentgenologic aid in the clinical 
study of the human spine has added to knowledge of the anatomic and 
pathologic character of these formerly obscure conditions affecting the 
vertebrae. For decades anatomic research has been undertaken in this 
subject, but it has not been well coordinated with clinical records 
describing the nature of the complaint and the results of e.xamination. 
The studies of Dwight, 'Willis, Kilian, Neugebauer, Rosenberg, Gold- 
thwaite. Lord and others have received scant attention from the clinical 
surgeon, whose interest in the fascinating study of the spine was per- 
haps finally aroused by Schmorl’s intensive research on his vast anatomic 
collection.^ 

Spondylolisthesis was first named by Kilian in 18.^2, but it had 
been described by Herbineau in 1782. Rokitansky in 1839 and Belloc 
in 1849. After Neugebauer’s published report of 101 cases in 1892, 
largely composed of observations on museum sjiecimcns, attention to 
the subject slumped, although isolated instances of ojicrative treatment 

1. Schmorl, G. : Ardiiv uikI Atlas tier iiornialcii und patliologisclicn Anatomic 
in typischen Rontgcnbildcrn. Die kcsuikIc und krankc Wirbclsanlc im PbntRcn- 
bild: Patbologiscli-analoniische Untersuebungen. LciiiEig. Georg Tliicme. 1932, 
p. 182. 
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appeared, such as that of Ryerson, in 1915" A most satisfying study 
of the lumbosacral part of the spine formed a part of Theodore A. 
Willis’ thesis at Western Reserve University in June 1922.^ He 
assumed a normal vertebral formula of seven cervical, twelve thoracic, 
five lumbar, five sacral and four cocc 3 '^geal segments, with variations. 
The cervical vertebrae remain approximately constant; the coccygeal 
segments may vary but are of negligible importance on account of their 
vestigial nature.^ The greatest clinical interest lies in the thoraco- 
lumbar group, which may be associated with ph 3 dogenetic changes 
affecting the progression or retrogression of the leg on the spinal column 
in the change from pronograde to orthograde ambulation.® This 
thoracolumbar grou]i must be considered as a unit. Willis stated that 
variation in the number of lumbar vertebrae is often found to be coinci- 
dent with or compensated b 3 '^ a reverse variation in the thoracic group, 
the total number of presacral segments remaining unchanged. The 
modal number of human thoracolumbar vertebrae is seventeen; and of 
748 columns examined by Willis onl 3 ' 5 showed sixteen and 26 showed 
eighteen. The remaining 772 showed the modal number, the numerical 
stability of the presacral segments being 95.8 per cent. 

A definition of spondylolisthesis was given by Ziegler:® “It is a 
deformity in which by the action of the weight of the trunk, the body 
of the 5th lumbar vertebra and the portion of the spinal column above 
it slip forward over the base of the sacrum'.” The term means slipping 
vertebra. In true spondylolisthesis the arch of the fifth lumbar or other 
vertebra concerned, with its spinous pi'ocess, does not take part in the 
spondylolisthesis, the anterior part or body of tbe vertebra alone being 
displaced. If the whole vertebra is set forward, lifted over the hump 
of the supporting facets on the base of tbe sacrum, the condition is 
known as pseudospond 3 dolisthesis and represents a true dislocation or 
subluxation. Schmorl found among the spines in his material 46 
instances of true spond 3 dolisthesis (25 in women and 21 in men) and 
14 of pseudospond 3 dolisthesis (11 in women and 3 in men). 

The cause for separation of the neural arch or its isthmus 11133 ' be 
either traumatic violence, usually a shearing strain resulting in frac- 
ture, or anomalies of development in the laminas or isthmus, the inter- 

2. Ryerson, E. W. : Recurrent Spondylolisthesis with Paralysis ; Bone- 
Splint Transplantation, J. A. M. A. 64:24 (Jan. 2) 1915. 

3. Willis, T. A. : Lumbo-Sacral Vertebral Column in Man : Its Stabi 1 } 
of Form and Function, Am. J. Anat. 32:95 (July) 1923. 

4. Mitchell, G. A. G. : Significance of Lumbosacral Transitional Vertebrae, 
Brit. J. Surg. 24:147 (July) 1936. 

5. Paterson, A. M. : The Human Sacrum, Proc. Roy. Soc. Med. SU - > 

1892 

,6. Ziegler, E. : Lehrbuch der allgemeinen und speciellen pathologiscben 
Anatomic fiir Aerzte und Studierende, ed. 9, Jena. Gustav Fischer, 1898, sect, 
p. 219. 
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articular part of the neural arch, but generally is a failure of bony 
fusion, well described by Neugebauer in 1892.' Inflammatory reactions 
affecting predominately this area may possibly influence the separation 
of the arch. Constriction lines of the isthmus were noticed by Poirier,® 
and a definite division of the lamina was reported by Shore “ in 1929 
in an African native woman. In the same year, Brailsford,^" after 
roentgen examination of more than 3,000 backs, found only 5 instances 
of spondylolisthesis, of which 3 were in girls 13. IS and 17 years 
of age, 1 in a bo}^ of 17 and 1 in a man of 35. He reviewed the 5 cases 
reported by Turner and Tchirkin “ and considered that only 1 of the 
group was an instance of real spondylolisthesis. Plibbs and Swift,^- 
reporting operation on 23 patients in group III of their compilation 
found forward displacement of the 5th lumbar vertebra varying from 

iiich (0.6 cm.) to the full width of the corpus, along with a sepa- 
ration of the laminas and loss of the bony anchorage which would 
prevent the fifth lumbar vertebra and the superimposed spine from slip- 
ping forward. The ages of the patients varied from 15 to 51 ; 15 were 
men and 8 were women. The percentage of their cases in which there 
was a history of trauma was 47.8. Some separations of the isthmus 
may represent fractures sustained in childhood, unrecognized until strain 
in adult life produces symptoms following either a slow or a sudden 
slipping forward of the vertebra. There is no doubt that the isthmus, 
as described by Chandler and others, is a vulnerable area of incom- 
plete ossification which may permit many of these displacements. 

When the neural arch of the fifth lumbar vertebra is unfused or 
separated, there may follow sooner or later a change in the axis of 

7. Faldini, C. : Osservazioni cliniclic e radiograficlie sopra la spondilolistcsia 
e la spondilolisi, Chir. d. org. di movimento 12:545 (Sept.) 1928. Lane, W, A.: 
Spondylolisthesis, Tr. Path. Soc. London 36:364, 1885. Lange, M. : Die Wirbel- 
gelenke : Die rontgenologische Darstellbarkeit ibrcr krankhaftcn Vcr.nndernngen 
und ihre Beziehungen zii den verschiedencn Erkrankungen der Wirbelsaule, cd. 2. 
Stuttgart, Ferdinand Enke, 1936, p. 80. Lc Double, A. F. : Traite des variations 
de la colonne vertebrale de rhoinme, Paris, Vigot-Frcres, 1912, p. 314. 

8. Poirier, P., and Charpv, A.: Traite d’anatomie huinaine, ed. 3, Paris, 
Masson & Cie, 1911, vol. 1, p. 171. 

9. Shore, L. R. ; Report of a Specimen of Spondylolisthesis, Brit. J. Surg. 
16:431 (Jan.) 1929. 

10. Brailsford, J. F. : Deformity of the Lumbo-Sacral Region of Spine, Brit. 
J. Surg. 16:562 (April) 1929. 

11. Turner, H., and Tchirkin, N. : Spondvlolisthcsis, J. Bone & Joint Surg. 
7:763 (Oct.) 192.5. 

12. Hibbs, R. .A.., and Swift. \V. E. : Developmental .Abnormalities at the 
Lumbo.sacral Juncture Causing Pain and Disability: Report of One Hundred 
and Fortj’-Seven Patients Treated by the Spine Fusion Oiwration, Surg., Gynec. S: 
Obst. 48:604 (May) 1929. 

13. Chandler, F. .A.: Lesions of ‘‘Isthimis” (Intcrarticularis) of I.amitwe of 
Lower Lumbar \'crtebrac and Their Relation to Spondylolisthesis, Surg., Gynec. 8: 
Obst. 53:273 (Sept.) 1931. 
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support of this vertebra on the sacrum. The upper borders of the 
superior articular surface of the sacrum were likened by Willis to the 
peak of a roof, one side formed by the base of the sacrum, which in an 
erect person presents an inclination of 45 degrees with the long A'er- 
tical axis of the spine. The body of the fifth lumbar vertebra rests on 
this surface with the interposition of a wedge-shaped intervertebral 
disk, the broadest diameter of which lies anteriorly. The weight of 
the torso, head and arms must be supported on this precarious inclined 
surface held by the anchoring, hooklike inferior articular processes of 
the fifth lumbar vertebra engaged over the superior articular processes 
of the sacrum like a fireman’s ladder. A large proportion of active 
support lies in the spinal muscles and some in the lumbosacral and 
interspinal ligaments, but there are times of relaxation or moments of 
strain when these sustaining factors are greatly lowered in value and 
the bony parts must take on a greater share of the support of the 
superimposed spine and torso as a whole. If a laminar (isthmian) 
defect is then encountered, the anteroposterior stability of the lumbo- 
sacral articulation is further endangered, and the column as a whole tends 
to slip downward and forward along the inclined plane of the superior 
surface of the sacrum. 

Muscular fatigue, temporary overstrain and possible defective liga- 
mentous support and bony anchorage readily explain spondylolisthesis. 
A unilateral defect in the lamina may not permit sufficient separation 
for this slipping, but weakness of one side of the neural arch may favor 
easy fracture of the opposite side or lead to favoring muscular and liga- 
mentous relaxation. Usually the bony defect has been found to be 
bilateral. True spondylolisthesis will thus be almost impossible in the 
face of normal inferior articular processes and laminas of the fifth 
lumbar vertebra holding a normal isolation with the sacrum. It is pos- 
sible for the spine to sustain sufficient trauma, especially when flexed 
forward, rarely when hyperextended, to tear the inferior articular proc- 
esses away from their attachments so as to let them ride up over the 
superior articular processes of the sacrum, an accident which causes 
pure dislocation. In this displacement, because the laminas and spinous 
process would go along with the corpus of the vertebra, pressure on the 
cauda or spinal nerves with resulting paralysis or lesions of the nerves 
may follow. Fracture of the laminas must be a simpler process in such 
an injury than a lifting over the obstacle of the sacral processes of all 
the weight above, held by strong, inelastic ligaments. Without bony 
lesion, the condition becomes pseudospondylolisthesis. 

Following the forward displacement of spondylolisthesis must come 
easy tire in the lumbosacral area, pain, sometimes referred down both 
thighs and buttocks, stiffness in the back at that level, shortening of the 
spine, a crease across the back at or near the level of the iliac crests, a 
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palpable depression over the fifth or fourth lumbar vertebra and 
increase of lumbar lordosis. The abdomen becomes proportionately 
protuberant, and the gait may become waddling. A final proof of the 
diagnosis lies in the roentgenograms, the posteroanterior view showing 
the overlying shadow of the sacrum on the body of the fifth lumbar 
vertebra and the lateral view the projection forward of the fifth body 
and possibly the defect in the laminas. An ancient displacement will 
always show a liplike projection of new bone extending anteriorly front 
the superior surface of the visceral border of the sacrum, formed to help 
sustain the body of the fifth lumbar vertebra in its new position, unless 
the displacement has been so complete that the centrum of the fifth 
lumbar vertebra comes to lie completely displaced downward in front 
of the sacrum. Rarely the displacement is also lateral or has an acute 
scoliotic angle. In 12 of 18 instances of spondylolisthesis reviewed by 
Chandler the condition had an acute traumatic onset, and in 6 it fol- 
lowed repeated strains. The laminar defects generally involve the fifth 
lumbar vertebra alone but may include the fourth or, rarely, involve the 
fourth alone. In his report, Meyerding mentioned one subluxation of 
the third on the fouth lumbar vertebra. The term spondylolisthesis is 
given also to any forward slipping at any level of the vertebral column 
accompanied by a laminar defect, whether congenital or acquired. 
Examples in the cervical and the dorsal region have been recorded. 
Other congenital or developmental defects may be present with this 
slipping. Spina bifida occulta is the one most frequently found, making 
up about 20 per cent.^® Sacralization of the transverse process of the 
fifth lumbar vertebra, unilateral or -bilateral, old osteoarthritis and local 
bone sclerosis, often mistaken for Paget’s disease, may be present. In 
Me 3 ’'erding’s series of cases there were 71 per cent men and 29 per cent 
women suffering from this affliction. 

The treatments offered are of interest after this brief investigation 
of cause and pathogenesis. In many instances spondylolisthesis is 
symptomless until aggravated b}’^ trauma. Treatment may be palliative 
for mild involvement, when an arrest of progressing deformity is 
desired, or it may be curative. The first consists of traction on head 
and feet in a position of recumbency. The feet are elevated to an angle 
of 35 or 40 degrees with the torso and subjected to all the traction 
they can withstand, counteraction being made on the head and beneath 

14. Meyerding, H. W. : Spondylolisthesis, Proc. Staff ifect., ifayo Clin. 
9:666 (Oct. 31) 1934; Diagnosis and Roentgenologic Evidence in Spondylolis- 
thesis, Radiologj- 20:108 (Feb.) 1933; Spondylolisthesis, Surg., Gynec. & Obst. 
54:371 (Feb. 15) 1932; J. Bone & Joint Surg. 13:39 (Jan.) 1931. 

15. Piitschar, W. : Changes in the Intervertebral Discs in Spondylolisthesis 
and Related Conditions of the Spine. .A.rch. Path. 24:270 (.4iig.) 1937. Stewart, 
T. D. : Spondylolisthesis Without Separate Neural .Arch (Pscudo-Spondylolis- 
thesis of Junghanns), J. Bone & Joint Surg. 17:640 (July! 193.-’. 



180 ARCHIVES OF SURGERY 

the axillas to pull the torso in the opposite direction. This procedure 
may effect partial reduction, especially after a recent gross displacement 
or even after several months, as in Jenkins’ case.^® He had his patient 
while lying in traction push down on the pelvic brim with his hands. 
The Sinclair net bed used in 'the treatment of fractures resulting from 
gunshot wounds in the femur or pelvis is an admirable means for this 
traction. If a reduction in whole or part can be effected, the patient 
may then be encased in plaster of paris, a double spica extending from 
the axillas to include both legs, for six or eight weeks. The cast may 
be followed by a steel back support in the corrected position. If the 
roentgenologic findings show the formation of much new bone about 
the lumbosacral junction, with no hope of reduction, traction may be 
omitted and the patient’s hack supported in a steel spinal brace in an 
attempt to prevent further displacement and to relieve fatigue. 

For curative treatment, posterior spinal fusion has been done. Both 
the Hibbs and the Albee method, with or without bone transplanted 
from the iliac crest or the tibia, have been employed. Many patients 
have obtained symptomatic relief, at least for a time, by these methods 
of posterior spinal fusion ; whether this was permanent only years of 
observation and close follow-up could determine. Some operations have 
failed to relieve the pain and back fatigue.^® Hibbs reported: 

Number of Operations Percentage 

Entirely relieved 16 66.7 


Improved 3 12.5 

Unimproved 5 20.8 


Mathieu and Demirleau advised an extensive osteosynthesis of the 
anterior segment of the lumbar vertebrae with the iliac bone, grafts 
from the ilium to the ,sacrolumbar bone on each side being used. With 
it is combined intervertebral and sacral synthesis, obtained by means 
of a sufficiently large graft to bridge through the posterior iliac crest 
into the transverse processes of the lumbar vertebra. Two grafts are 
used on each side, one reaching into that part of the fifth lumbar ver- 
tebra which is sliding (corpus) and the other extending from the ilium 
to the transverse process of the fourth lumbar A^ertebra to solidify that 
connection. The authors believe that these multiple arthrodeses com- 
bined with lumbosacral arthrodesis make ligamentous pull and resulting 
strain impossible. This is even a more extensive procedure than Chan- 

16. Jenkins, J. A.: Spondylolisthesis, Brit. J. Surg. 24:80 (July) 1936. 

17. Albee, F. H. : Spondylolisthesis, J. Bone & Joint Surg. 9:427 (Juy) 
1927. 

18. Hellstrom, J. : Zur Kenntnis der operativen Behandlung von Spondylo- 

listhese, Acta orthop. Scandinav. 7:143, 1936. 

19. Mathieu, P., and Demirleau. J.: Traitement chirurgical du spondylolis- 
thesis douloureux, Rev. d’orthop. 23:352 (July) 1936. 
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dier’s trisacral fusion, done from the posterior aspect of the spine. 
In the reproduced films of a patient on whom the operation Mathieu 
described was performed, the transplants do not seem large or sturdy 
enough to insure permanent immobilization, and on one side the trans- 
plant extending to the transverse process of the fourth lumbar vertebra 
does not seem bonily united. Hibbs and Swift stated; “It seems 
obvious that an operation which will produce strong bone fusion between 
the fourth and third lumbar vertebra and the sacrum is the logical 
procedure to employ in order to give stability to such a spine.” 

In 1932 Capener reviewed this subject, including a stud)' of 34 
patients, and then suggested that the ideal fixation of the spine, mechan- 
ically efficient, would be one fixing the body of the fifth lumbar 
vertebra to the sacrum. However, if inserted transversely from the pos- 
terior aspect of the spine forward to form a supporting buttress of bone 
or bridge into the body of the fifth lumbar vertebra, it must go blindly 
and would probably injure the cauda. The attempt did not seem feasi- 
ble, and his own words were; “The technical difficulties of such a 
procedure, however, preclude their trial.” In July 1936 Jenkins recorded 
his case in New Zealand in which after reduction by traction he inserted 
a bone graft from the anterior surface of the body of the fifth lumbar 
vertebra into the sacrum after opening the abdomen. A successful 
result was obtained. In June 1933, Burns reported a similar case of 
a boy of 14 who was operated on at St. Georges’ Hospital and had an 
uneventful convalescence. In his brief report he mentioned that he did 
not believe that the invertcbral disk is an ideal place for the bone graft 
and said that if in his case the graft were to become absorbed he would 
in his next attempt employ a steel pin! Later (September 1936) 
appeared Mercer’s *• article describing his method of operative treatment 
of spondylolisthesis by an osteotomy of the lumbosacral junction from 
an anterior intra-abdominal approach. He stated that it was his practice 
to remove some or all of the intervertebral disk and bon)' surface, which 
he replaced by a two piece bone graft obtained from the patient's ilium. 
The patient was operated on while lying in a posterior plaster of ])aris 
shell prepared beforehand so that he could not be hypere.xtended wliile 
being moved and the bone grafts thus permitted to fall out of place. 

In attempts at curative treatment by the support of new bones and 
osteosynthesis, it must not be overlooked that the principal causes of 

20. Capener. N.: Spondylolisthesis, Brit. J. Siirg. 19:374 (Jan.) 1932, 

21. Burns, B. H. : Two Cases of Spondylolisthesis, Proc. Roy. Soc. )fed. 
25:571 (Feb.) 1932; Operation for Spondylolisthesis, Lancet 1:12.13 (Jtine 10) 
1933. 

22. Mercer, W. ; Spondylolisthesis, with Description of Xew Method of 
Operative Treatment and Notes of Ten Cases, Edinlmrgh M. J. 43:545 (Sept.) 
1936. 
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pain and acute displacement are at least three: (1) lifting heavy weights, 
(2) falling, especially on the buttocks, and (3) falls of heavy weights 
on the shoulders and back. The tilting of the sacrum may not be such 
an important factor in this mechanism because lordosis of the spine 
may not be present at the beginning of the act or trauma. In lifting 
a weight, for instance, a man starts with the hips flexed and the lumbar 
portion of the spine arched backward, but, as explained by Arinitage 
Whitman, elevation of the load is carried .out by use of the gluteus 
muscles. This action results in extension of the hips, during which the 
sacrum is activety tilted backward and forced against the laminas of 
the fifth lumbar vertebra. Lordosis is therefore absent at the start 
of the action but appears later, secondary to displacement at the lumbo- 
sacral joint. The upper surface of the sacrum is rotated into a nearly 
vertical position and carries with it the spinous process of the fifth 
lumbar vertebra. Capener stated the belief that this is the overlooked 
factor whereby the upper and posterior borders of the sacrum act as 
the apex of a wedge, which is driven upward and splits the fifth lumbar 
vertebra into two parts at the site of the congenital nonunion. Thus 
spondylolysis is initiated and spondylolisthesis or slipping follows. 

On the basis of these findings a posterior bone graft or spinal fusion 
appears mechanically inefficient in attempts at cure. Even if the sacral 
surface, the split lumbar vertebra — posterior portion — and the lumbar 
spines and laminas above are locked together, it does not necessarily 
mean that the anterior part of the fifth lumbar vertebra (corpus and 
supporting facets) may not plunge farther forward and rotate down in 
front of the sacrum as time advances. An additional factor in favor 
of the anterior placing or wedging of the bone graft is found in the 
presence of spina bifida occulta in nearly 20 per cent of the cases, mili- 
tating against a good sacral attachment of the posterior graft."^ Nature 
apparently tries to limit the forward displacement of the fifth lumbar 
vertebra by building up a bony buttress along the anterior margin of 
the base of the sacrum. Thus is supplied an aid to the iliolumbar liga- 
ments in stopping the rotation downward and obtaining a natural arrest 
of the slipping. Why not then implant the autogenous bone at a proper 
angle to penetrate the body of the fifth lumbar vertebra, traverse its 
intervertebral disk if necessary and engage well into the upper sacral 
segment? New fusion should follow to lock the whole bonily together. 
It appears that this method might suffice and that osteotomy with 
removal of the intervertebral disk, favored by Mercer, would be a little 
too extensive and possibly unneeded in the average case. Nailing with 

23. Congdon, R. T. : Spondylolisthesis and Vertebral Anomalies in Skeletons 
of American Aborigines, with Clinical Notes on Spondylolisthesis, J. Bone & 
Joint Surg. 14:511 (July) 1932. Kleinberg, S.: Traumatic Spondylolisthesis. 
Arch. Surg. 3:102 (July) 1921. 
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a steel pin without performing osteotomy or freshening the surface of 
the bone would not positively insure bony fusion, although the pin 
might hold longer than an autogenous bony transplant. There is, how- 
ever, by this method a smaller opening and less freshening of the bony 
surfaces to permit irritation, extravasation of blood and formation of 
new bone. 

TECHNIC OF THE OPERATION 

An attempt may be made by suspension traction in bed to overcome some of 
the displacement of the fifth lumbar vertebra, depending on the duration of the 
condition and the roentgenologic findings. 

An abdominal incision, midline umbilicus to pubis, permits full exposure of 
the sacral promontory after the patient is tilted back and the intestines are packed 
away. The promontory is palpated, and the exact condition and extent of rotation 
of the fifth lumbar vertebra are determined in order to confirm the roentgenologic 
findings. If the bifurcation of the aorta is low, it may, along with the left 
common iliac vein, be gently held back by a padded retractor. The peritoneum 
over the fourth interspace down to the sacrum is incised just to the right of 
the midline, and an effort is made to avoid the midsacral nerve and artery and 
the ganglia of sympathetic nerves. If the artery bleeds, it must he tied. The 
amount of displacement and angulation having been decided, a chisel is used to 
make an entrance into the vertebral bony mass at or below the level of the fourth 
interspace. The angle required to penetrate the body of the fifth lumbar vertebra 
and to enter the sacrum must then be decided, and a large drill is inserted 
through the body of the fifth lumbar vertebra obliquely, nearly directly down- 
ward, as the patient lies supine. Its point can be felt passing through the lower 
or posterior border of the body of the fifth lumbar vertebra, to enter the 
intervertebral space and then pass on into the new resistance of the sacrum. The 
depth of the hole made by the drill and the length of graft required may be 
predetermined by measurement. A bony transplant from the tibia or any other 
source, of the same diameter as the hole, is then tamped gently into place; the 
subperitoneal tissue is approximated with interrupted catgut and the posterior 
peritoneum with a running stitch of catgut, and the abdomen is closed completely 
without drainage. 

No plaster bed or splint seems necessary in after-treatment. A moderately 
firm mattress or fracture bed, which permits nursing care without fle.xion of the 
back, is used. Confinement in bed lasts eight weeks and is followed by ambulation 
and the use of a steel back brace until there is roentgenologic evidence of bony 
fusion. 

REPORT OF .V CASE 

My investigation brings to light the first instance of anterior fusion 
of the bone, done by Jenkins, the second, by Burns, the tliird, by Mercer 
using Burns’s method (his patient died two years later in childbirth) 
and the fourth and fifth, by Mercer using his own technic. In tlie 
fourth instance, the patient died on the eighth postoperative day. after 
passing blood in the stools ; postmortem examination showed thrombosis 
of the superior mesenteric artery. The patient in the fifth instance was 
well one year after operation. The sixth instance was in a case of mine, 
in which the operation was performed without knowledge of any of 
the others except the first. 



184 


ARCHIVES OF SURGERl 


B. P., a man aged 48, was admitted to the Presbyterian Hospital at Chicago 
on April 26, 1937. In 1922, when he was working in the tallow and hide business, 
a wagon he was driving turned over, and he jumped to avoid injury. One foot 
was caught by the toe so that in jumping and falling he twisted his back. He 
had severe pain in the lumbosacral region but was able to get up, rehitch his 
team and get back to quarters. A disabling back ache continued for several 
days, followed by apparently complete recovery from all symptoms. About three 
weeks after the accident he had progressive lameness in the left leg and later, 
while plowing, would stumble and fall. The claudication in the left leg persisted! 



Fig. 1. — A, a man with spondylolisthesis viewed from behind. The depression 
at the lumbosacral level and the hypertrophy of the spinal muscles can be seen. 
The deep crease around and above the iliac crests is characteristic. B, lateral 
view of the same patient. The thoracolumbar lordosis and the protuberant abdomen 
are apparent. 

but he continued at work, though complaining of continual back ache, until 
eighteen months before his admission to the hospital, at which time his symptoms 
became so aggravated that he had to cease work. In the five months preceding 
his admission he had become nervously irritable, and had had a smalt urinary 
stream, and his visual acuity had diminished. 
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Since the onset of his trouble he had been examined by several physicians, 
including irregular practitioners, and been subjected to numerous blood tests, all 
of which gave normal findings. Repeated roentgenologic examinations had demon- 
strated a slipping forward of the body of the fifth lumbar vertebra. Eighteen 
months before admission he fell down some stairs, after which accident the 
symptoms in his back and leg had increased in severity. A stricture was present, 
following a specific urethritis contracted more than fourteen years before, for 
which he was treated for two years by urethral injections. Urethral dilatation 
with sounds had been performed for the preceding three years with considerable 
benefit. All his teeth were extracted three years previously; he had undergone 
no major surgical operations. 

The examination on admission showed a rather slender white man, 48 years 
old, not acutely ill, complaining of back ache with claudication in the left leg. 
The general physical and laboratory examinations showed little abnormality; there 



Fig. 2. — A, lateral view of the lumbosacral spine of the patient shown in 
fig. 1. The tipped axis of the sacrum and the projection forward of the bod 3 ’ of 
the fifth lumbar vertebra with all the superimposed vertebral bodies arc shown. 
The print does not show clearly the deficicnej’ in the laminas. B, tracing of the 
roentgenogram. There is much new bone along the anterior and superior border 
of the base of the sacrum. The positions of the centrum and of the spine of 
the fifth lumbar vertebra are tr-pical of spondylolisthesis. 

were leukocytes in the urinary sediment, varying in amount on several occasions 
and accompanied by a trace of albumin when a high count was obtained. No 
casts were present in the urine. The patient’s back was markedly lordotic, with 
a concavity at the lumbosacral junction, bounded on eacii side by outstanding 
and apparently hypertrophied spinal muscles. A finger placed in this cavity could 
palpate a bony floor, apparently part of the upper border of the sacrum. Extending 
from the depression was a bilateral transverse crease in the skin, extending as 
far as the posterior axillary line. The abdomen was protuberant but presented 
no hernias, no free fluid and no palpable masses. The prostate was moderately 
enlarged, smooth and firm and not tender. Xo arteriosclerosis was p.alpable. and 




Fig. 3. — A, postoperative lateral view of the lumbosacral region. The trans- 
planted bone penetrates through the corpus of the fifth lumbar vertebra, past 
the lumbosacral intervertebral space, on into the sacrum and nearly to the sacral 
canal. This transplant is sizable and should lead to bony fusion. B, tracing of 
the roentgenogram. No part of the transplant projects beyond the anterior margin 
of the body of the fifth lumbar vertebra. 



Pig 4_ — Tracing of a roentgenogram showing an anteroposterior view 
transplanted bone postoperatively. The transplant (or Smith-Petersen nai i 
used) appears foreshortened on account of its tilted axis. By intention e 
transplant is placed slightly to the right of the middle line, as 
avoids the arch of the iliac veins and vena cava as well as the middle sa 

structures. 
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all tendon reflexes were normal except the patellar, which were slightly exag- 
gerated. The count showed: blood hemoglobin, 95 per cent: erythrocj'te count, 
4,900,000; leukocyte count, 9,000, and polymorphonuclears, 72 per cent. The blood 
pressure was 140 systolic and 80 diastolic. The roentgenologic findings indicated 
a marked forward displacement of the fifth lumbar body on the sacrum, producing 
a sharp S-shaped curve at the lumbosacral junction and a thickening of the 
anterior margin of the first sacral segment. It was believed that there was a 
separation of the isthmus on both sides of the neural arch of the fifth lumbar 



Fig. S. — Section through a human (normal) pelvis after the insertion of a 
bony transplant for illustration. \\'bcn spondylolisthesis is present it is not so 
difficult to insert the transplant or a Smith-Pctersen nail as it is in the normal 
bone. The overhang of the body of the fifth lumbar vertebra permits a more 
direct and less oblique angle of insertion and a deeper penetration into the first 
sacral body. 

vertebra, but this condition was somewhat obscured by cloudiness and by a small 
amount of new bone which blocked the view. In the posteroanterior view the 
centrum of the fifth lumbar vertebra cast a semilunar shadow, seen through the 
body of the first sacral segment. There was little scoliosis. 

One day after admission, the patient was placed on a modified Rogers bed 
with skin traction on both legs and a jury-mast on the head for countertraction. 
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The amount of traction and the angle of the bed, extending the spine, were 
increased frequenth' up to the patient’s limit of tolerance, until there was at 
least 40 pounds (18 Kg,) traction on the legs. There was no apparent change 
in the deformity of the back, and a second roentgenologic examination showed 
no reduction of the displaced vertebra after ten days’ trial of this method. After 
this attempt at reduction the patient was released from hyperextension of the 
spine, with traction, and prepared for operation, which was performed on May 10. 
He was placed under anesthesia induced with ethylene and a small amount of 
ether, and a transplant of his own bone was removed by the motor saw set at 
a width of inch (1 cm.) from the anterolateral surface of the right tibia, 
the wound being immediately closed and dressed. 

The abdomen was then opened by a paramedian incision on the right, encircling 
the umbilicus and extending nearly to the pubis. Neither adhesions nor abnor- 



Fig. 6. — Aj Mercer’s operation, schematically drawn. The chisel cuts away 
the shaded area, removing the intervertebral disk and tissues with some bony 
surface. His description of the operation includes the fact that the patient lies 
on a previously prepared plaster of pan's shell, so that no flexion or angulation 
of the spine is possible postoperatively. B. bone transplants wedged into the 
defect according to Mercer’s description. He apparently intends transplants^ to 
hold by surface friction; hence the great care needed in handling the patient 
after the operation. Flexion at the lumbosacral junction might easily displace 
the wedges of transplanted bone. 

malities presented themselves in the abdomen. The abdominal viscera ^^re 
completely packed away from the sacral promontory by moist sponges. T e 
patient’s head was depressed about 20 degrees from the horizontal, and it v.as 
then possible to visualize and palpate the projecting body of the urn ar 

vertebra where it overhung the upper sacral surface. A vertical incision was 
made through the peritoneum and the subperitoneal fat over the body o 
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fifth lumbar vertebra and tlie fourtli intervertebral space, slightly to the right 
of the middle sacral artery, which could be plainly seen. No special efforts were 
required to retract the aortic arch or left common iliac vein and inferior vena 
cava out of the field. (In some of the reported cases and in my study of the 
normal cadaver, it has been found necessary to apply a padded, flat retractor 
under the left common iliac vein or aortic bifurcation and also to tie an ascending 
vein which passes up the anterior surface near the middle of the sacrum to enter 
into either the left common iliac or the vena cava at the junction.) 

The sympathetic nerve plexuses in this region were avoided by reflecting the 
peritoneum with its underlying fat and clinging closely to the bony surface with 
a small pcriosteotomc. The anterior surface of the body of the fifth and the 
fourth interspace, easily recognizable, was adequately exposed, and a ^2 inch 
(1 cm.) drill was then inserted at the upper border of the fifth lumbar body 
and directed downward into the first sacral segment. The change in the resistance 
to the drill as it passed through the lower border of the fifth lumbar body into 
the lumbosacral interspace, traversed it and entered into the bony tissue of the 
upper sacral surface could be plainly felt by my hands operating the instrument. 
When sufticient penetration was obtained, the drill was withdrawn, and the tibial 
transplant was found to fit snugly enough to require but a slight amount of 
tamping to engage in the opening made by the drill and be sunk to a level which 
would permit closure over it. The subpcritoncal fat was closed with a few 
interrupted catgut sutures and the peritoneum over that with a running catgut 
stitch. There was no oozing. The abdomen was closed in layers, and the patient 
was carefully lifted from the table and placed in an ordinary hospital bed without 
flexion of the spine. 

His recovery was almost uneventful. On the third postoperative day his 
temperature touched 100.2 F. Both abdominal and tibial wounds healed kindly. 
On the second day he vomited a few times, never more than 75 cc. of material. 
He had trouble in urination, and a self-retaining catheter was with some difficulty 
inserted past his stricture. This was left in place two days and then withdrawn. 
On May 16 and 17 he had an involuntary urination, and on the night of May 16, 
harboring hallucinations, he got up out of bed ! On May 25 he was placed on 
a Goldthwaite frame and a circular torso plaster of paris dressing was applied, 
holding the spine in slight extension. On June 17 he was discharged, wearing 
this plaster corset. He made no complaint of pain in the back; his old distress 
was gone; he had no difficulty in urination or control of his bowels, and the 
wound was healed. He was fitted with a side iron to protect the right tibia, 
from which transplant had been removed, against injury. He left using crutches 
on account of the heavy plaster and long confinement in bed with subsequent 
loss of muscular strength. On August 17 the plaster corset was removed and 
a roentgenogram of the spine made. This showed the transplant in the same 
position in which it was placed. There was an area of lighter density about it, 
probably representing extravasated blood and some absorption of bone (fig. 3). 
The patient was reexamined on September 6. He was able to walk without 
support and had absolutely no pain in his back. There was still a little of the 
old dragging in the leg and tire in the upper part of the thighs after he had 
walked two blocks. 



CARCINOMA OF THE BREAST 
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ETIOLOGY AND SUSCEPTIBILITY 

The cause of mammar}- cancer, in common with that of other types 
of malignant tumor, is not definitely known. Even though many facts 
have been learned, mammary cancer appears to have reached a point 
beyond which effective prevention seems well nigh impossible. 

Chronic mastitis is believed by most authorities to be the principal 
predisposing condition, but cancer so often occurs without pronounced 
chronic mastitis or in a ver}^ early stage of mastitis that this theory 
in itself is inadequate to explain the frequent incidence. All will agree, 
however, that mammary cancer must be preceded by involutional or 
inflammatory changes. The sweat glands of the breast are frequently 
the site of origin, and the causation of lesions so originating is probably 
somewhat different from that of the common duct cancer. Cancer 
originating in the sweat glands usually appears near the skin and in 
the axilla and is particularly prevalent among persons with the sebor- 
rheic diathesis. 

Many observers have pointed out the prominence of stagnation of 
secretion in the cancerous breast, and Keynes (quoted by Ewing has 
emphasized the part played b}'^ stagnation in chronic mastitis. Cheatle 
(quoted by the same author) also has emphasized the importance of 
chronic irritation by retained secretion in the development of cysts and 
periductal fibrosis complicating chronic mastitis. 

The entire question has been greatly illuminated by Bagg,- who in 
a race of mice known to have a low incidence of cancer succeeded in 
producing mammary carcinoma in 85 per cent of cases merely by with- 
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drawal of the suckling young inunccliatch- after birth, thus allowing 
stagnation to occur in the breasts of the female mouse. Adair ^ reported 
that in only 8 per cent of 2CX) cases of mammary cancer was there a 
history of normal lactation. In following his work further he found 
that a great juany of the patients showed large amounts of inspissated 
or puriform material, which could be withdrawn by means of the breast 
pump. A similar ]dienomcnon was noted with chronic mastitis, and 
after removal of the retained material the iiuluratcd nodules and cysts 
often completely disappeared. 

There e.xist, then, clinical, anatomic and c.xperimcntal data indicating 
that stagnation of secretions is a prime factor in the causation of chronic 
mastitis and of mammary cancer, and a basis is thus laid for the hygiene 
of the breast and for the prevention of mammary cancer. 

One of the few known facts about cancer is its relation to age. 
In women the senile changes taking place during the fourth and fifth 
decades are definite factors in brijiging about cellular changes which 
invite cancer. W. J. Mayo ^ made the statement that cancer does not 
appear in sound tissue and that the one provocative agent which remains 
unchallenged is chronic irritation. In all lands and among all peoples 
we see this one causative influence in the ascendant. Carcinoma of the 
scalp is pafticularly common among those Chinese who shave their heads 
with a dull and rough-edged razor, but it docs not appear in those who 
do not follow this custom. The eating of hot rice by the men, who 
eat at the first' table, is frequently the forerunner of carcinoma of the 
pharynx and of the esophagus. The condition does not appear in the 
women, who eat at the second table, when the rice is cold. In Australia, 
the sharp-edged sand blown by hot winds in the desert section of the 
country so frequently produces cancer of the face that such cancer is 
called the Australian disease. In certain parts of India and the Phil- 
lipines, Avhere betel nut and lime are still chewed, cancer of the buccal 
mucous membranes is common. Many instances of chronic inflamma- 
tion produced by tobacco, by hot pipe steins and by ragged stumps of 
teeth can be cited, showing such inflammation to be definite predis- 
posing factor in the production of cancer. In countries where the 
breasts are allowed to be exposed, that is, are not compressed or irritated 
by covering, carcinoma is rare. Cancer of the breast occurs chiefly 
among civilized women. In the mountain regions of Kashmir, India, 
where the people carry braziers filled with hot coals strapped on the 
lower part of the abdomen, cancer just above the pubis is common. A 
possible explanation is that when the tissues haye been subjected to a 

3. Adair, F. E., and Bagg, H. J.: Breast Stasis as the Cause of Mammary 
Cancer, Internat. Clin. 4:19, 1925. 

4. Mayo, W. J.; Susceptibility to Cancer, Ann. Surg. 93:16, 1931. 
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long-continued insult the reparative processes are exhausted; instead 
of healthy cells, less mature cells are thrown into the breach of con- 
tinuity ; finally, embryonic cells replace the normal cellular structure. 

Newer revelations seems to indicate that cancer may be the result 
of agencies acting from within the body (as well as from without) 
due to biochemical dysfunction affecting the life history of embryonic 
cells. Whatever the nature of the agencies producing malignant tumors, 
it is evident that they are inseparable constituents of the cell, as metas- 
tasis takes place only by the transplantation of the malignant cell itself. 

In the final analysis, cancer is a recessive condition. Roughly, about 
10 per cent of all persons have cancer in some form, while about 90 
per cent escape. It is not logical to assume that persons in the latter 
group do not come in contact with some or all of the causative factors. 
It would seem that susceptibility to the causes of malignant degenera- 
tion, whatever they may be, is subject to individual variation and that 
increasing age tends to lessen the reparative powers and to decrease 
immunity. The work of Maud Slye in breeding strains of mice, which 
is familiar to all physicians, bears out this contention and shows very 
well the importance of heredit}'^ in resistance or susceptibility to cancer, 

AGE AND SEX INCIDENCE 

Carcinoma is especially prei'alent in the fourth and fifth decades, 
more than 50 per cent of all carcinomas being discovered during these 
years. Stubenbord ° showed the following data : 


Age at Onset, Years 

Percentage 

20-30 

3 

30-40 

18 

40-50 

30 

50-60 

30 

60-70 

19 


In Schreiner and Stenstrom’s ® series of 563 cases, 58 per cent of the 
lesions occurred between the ages of 40 and 60, while the statistics of 
Moschcowitz and Colp ^ (218 cases) and those of Judd® (651 cases) 

5. Stubenbord, J. G.: Cancer of the Breast. Surg., Gynec. & Obst. 52:1001, 
1931. 

6. Schreiner, B. F., and Stenstrom, A. T.: End Results in Five Hun re 
and Sixty-Three Cases of Breast Cancer, Surg., Gynec. & Obst. 44:609, 19^ • 

7. Moschcowitz, A. V., and Colp, R.: Late Results After Amputation of the 
Breast for Cancer, Ann. Surg. 84:177, 1926. 

8. Judd, E. S., and Sistrunk, W. E.: End Results in Operation for Cane 
of the Breast, Surg., Gynec. & Obst. 18:290, 1914. 
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showed the occurrence of 51 and 43 per cent, respectively, between these 
ages. 

Table 1 shows the age incidence of cancer of the breast in various 
series. 

Although various methods of defining the age decades are used, such 
as from 21 to 30 or from 20 to 29. and although in some series the 
age at operation rather than the age at onset is used, the data given in 
the table arc accurate for all j)ractical purposes. It is plainly seen that 
the maximum incidence of cancer of the breast occurs between the 
ages of 40 and 50 jears. In this connection, it is said that in Switzer- 
land the peak is reached from two to three years later than in the 
neighboring Gennan-speaking countries. 

Carcinoma occurring in persons under the age of 20 is rare and 
usually is reported in the literature. There was only 1 such lesion in 


T.vble 1 . — Age Incidence of Mammary Cancer 
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Harrington’s ’ series and none in the Guthrie Clinic series. In this 
series. 4 carcinomas, or a little less than 1 per cent, occurred in male 
patients. Three of these male patients are dead of cancer after two 
years, and 1 is alive, with recurring cancer. 

W'inslow “ had 3 male patients in 102 cases. He also reported a 
case in which a fibroadenoma occurred in the breast of a 17 year old 
girl. This tumor was malignant at the time of its removal. 

As far as racial incidence is concerned, it is interesting to note that, 
according to Stubenbord.^ cancer of the breast occurs infrequently in 
members of the Xegro race. He reported only 2 instances in lOS cases 
in which the patients were of fourteen different nationalities. Because 
of the diffuse admixture of races in the Guthrie Clinic series it was 
impossible to arrive at any conclusions conceniing racial distribution. 

9. Harrinston. S. W. : Carcinoma of the Breast: Surgical Treatment and 
Results. J. A.' M. A. 92:208 fjan. 19) 1929. 

10. Guthrie, D. : The Rodman Operation for Breast Cancer, J. A. J-I. A. 
€3:1256 (Oct 10) 1914. 

11. Winslow. R. ; An Analysis of One Hundred and Two Cases of Tumors 
of the Breast, Ann. Surg. 74:341. 1924. 
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RELATION OF CARCINOMA TO CHRONIC CYSTIC MASTITIS 

Much has been written in regard to chronic cystic mastitis and its 
relationship to cancer of the breast. Bloodgood repeatedly has pre- 
sented careful histologic studies of the various benign tumors of the 
breast, with comments on their etiologic relationship to cancer. He 
concluded that cancer does not often develop in a breast presenting a 
single large cyst but is frequently associated with the diffuse type of 
the disease. This opinion seems to have been shared by most writers. 

The role of stasis and faulty drainage of the breast has received 
much attention in this respect. Adair and Bagg,® whose work with 
mice has been referred to, concluded that stasis is significant in giving 
rise to proliferative changes and subsequently to cancer. 

Campbell/® in a complete review and anal3"sis of the literature, stated 
that the histologic evidence in favor of the theory that cystic disease is 
precancerous may be summed up as follows : 

1. Cystic disease is frequently found in association with frank carcinoma. 

2. Various gradations of epithelial proliferation may exist to give the impres- 
sion that cj'stic disease represents a progressive evolution of epithelial hyperplasia 
eventuating in carcinoma. 

3. The examination of tissue removed from breasts containing cystic disease 
frequently reveals histologic pictures which may be interpreted as representing 
early cancer. 

He went on to say, however, that C3'stic disease is not a precancerous 
lesion and that malignant changes are no more likel3' to develop in a 
breast showing the disease than in one which is entirety normal. He 
presented the following review of Bloodgood’s work in this connection : 

An entirely new approach to the problem is offered bj' Bloodgood. Convinced 
that most cases of cystic disease never become malignant and that many needless 
amputations were being done, he practiced limited operations and followed his 
patients for years to determine the incidence of carcinoma. Thus he obtained a 
correlation between the various histologic pictures and the clinical course of the 
disease. 

It is of interest that in 1904 Bloodgood, basing his opinion on microscopic 
criteria only, had concluded that malignant epithelial change occurred^ in 10 per 
cent of all cases of cj’Stic disease. In 1906 he wrote that adenocarcinoma nas 
alreadv present in over 50 per cent of patients with the adenocystic variety of the 
disease whom he had examined. 

In 1921, having changed his opinion, he reported his experience with 350 cases of 
cystic disease, in 128 of which the treatment had been local excision only. A 
follow-up showed that carcinoma had developed in 3 of these cases, an incidence 

12. Bloodgood, J. C.: Borderline Breast Tumors, J. A. M. A. 104:439 (Feb. 9) 

^^^11 Campbell, O. J.: Relationship Between Cystic Disease of the Breast and 
Carcinoma, Arch. Surg. 28:1001 (June) 1934. 
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of nlioiit 2 per cent. He coiiclndefl (hat witli tiic exception of noncncapsulated 
cystndenonia, or, as it is here termed adenocystic disease grade II, cystic disease 
is not a precancerniis lesion and cancer is no more likely to develop in a breast 
so involved than in a normal one. 

In 1929 he amended this impression by including difTusc noncncapsulated 
cystndenoina among tiie benign lesions. He Itad recognized this variety of the 
disease in over 100 patients and treated them without operation. Malignant tumors 
did not develop in any of them. In the same year he reported his experience with 
over .100 cases in which blue domed cyst was treated by local excision. A follow-up 
over a period of years showed no greater incklencc of carcinoma than in women 
with normal breasts. 

Keviewing his locally removed "border-line" tumors in 1931, he found that all 
of these patients, over whose diagnosis pathologists had disagreed fifteen years 
lieforc. were living and well or had died of other causes without having shown 
evidence of cancer. 

Bliiodgood has therefore concluded from his years of study, combining and 
correlating microscopic pictures with the clinical course of the disease, that cystic 
disease per se is not a precanccroiis lesion. 

Campbell did not advise the aminitation of breasts with cystic 
di.sease because of the risk of malignant degeneration. He stated that 
the conservative ])olicy toward cystic disease of the breast “is based 
on the fear lliat carcinoma may be present and unsuspected at the time 
of the e.xamination rather than on the fear that a malignant condition 
will subsequently develop." He concluded that cystic disease calls for 
an exploratory incision and frequently for a limited operation, but only 
rarely for amputation. 

Campbell '•'' also stated that all single solid tumors in women over 
the age of 25 should be removed for diagnosis. Gross diagnosis is 
possible in about SO to 90 per cent of cases, but in a certain number 
microscopic examination of a frozen section must be resorted to. For 
single small localized areas biopsy is the safest method. In the presence 
of multiple tumors in one or both breasts, rvhich is in itself strong 
evidence of the benignity of the process, it is advisable to remove one 
or two of the most questionable ones for examination, because if carci- 
noma is developing in a breast containing benign tumors it can be recog- 
nized clinically only after the characteristic late signs of malignancy 
have appeared. 

Cysts large enough to be recognized clinically are usually benign. 
However, a malignant condition may be present in the wall of a cyst,'"* 
and for this reason single cysts should be excised. The breast with 
the diffuse form of the disease, the shotty or nodular breast, need not 
be operated on but should be closely observed. When one area in a 
diffuse process stands out from the rest or seems to be developing at 
a more rapid rate it should be excised and examined. The remainder 
of the breast is of no aid in arriving at a diagnosis. 
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Bleeding from the nipple demands excision of the localized area of 
breast tissue for examination. Over 50 per cent of lesions in such 
cases will be found benign.^® If the sources are multiple, amputation 
should be resorted to, because only serial section can rule out a malignant 
lesion, and obviously this is not practical. If a malignant lesion is found, 
radical operation, of course, is to be performed. The same holds true 
when the pathologists is in doubt as to the true histologic picture. 

MARITAL incidence; PREGNANCY AND LACTATION 

Stubenbord ® found that 81 per cent of carcinomas of the breast 
occur in married women and 10 per cent in unmarried women, while 
Schreiner and Stenstrom ® reported 85 per cent in married women and 
15 per cent in single women. Roughly, 83 per cent of patients in the 
series here reported were married and 17 per cent were unmarried. 
Possibly lactation, pregnancy- and trauma of feeding play a part in the 
production of malignant tumors, although Burton J. Lee concluded 
otherwise. Physicians have been taught that cancer of the breast occurs 
more frequently in women who have had previous lactation, but Lee 
believed this to be an incorrect assumption and said that, although the 
larger number of patients will be found to have had previous lactation, 
the percentage of this group in the total population of women over 25 
years of age is probably much higher than that of women who have 
never lactated. No absolute proof of a higher incidence of mammary 
cancer in the latter group has been found. 

In 315 cases in which data on the marital incidence were available, 
28.2 per cent of the patients had never been pregnant, and of the 71.8 
per cent that had been pregnant 90.7 per cent had breast-fed their 
children. The average number of children in 396 pregnancies was 
1.8. The average age at onset of symptoms when the patient had breast 
fed the children was 45.4 years, as contrasted with 44.1 years when 
the children had been bottle fed. The average age at onset of symptoms 
when the patient had never been pregnant was 46.2 years. 

These figures showing the average age of incidence are of some 
interest. The}^ indicate that carcinoma develops somewhat earlier in 
the breast which has not met the physiologic demands incident to preg- 
nancy and appears latest in those which did not suffer the physiologic 
changes of pregnancy and the possible trauma incident to breast feeding. 
In the same group of cases only 1 carcinoma arose within three years of 
pregnancy; the patient was a 34 year old woman who first noticed the 
mass in the breast twenty-eight months after nursing her first child. She 

14. Lee, B. J.: End Results in the Treatment of Cancer of the Breast by 
Radical Surgery Combined with Preoperative and Postoperative Irradiation, r. 
South. S. A. 45:201, 1933. 
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Iiad liacl lumps in tlic l)rcast before, hut they had disappeared previous 
to lier pregnancy. 

Bloodgood*’’ discussed tlic microscopic picture of encapsulated tumors 
removed from the breast during pregnancy or lactation, and in no 
instance was he able to find in these adenomas anything that resembled 
the microscopic picture of cancer. 

GRO.SS r.\THOI.OGlC ni.\GNOSIS 

The gross diagnosis of mammary cancer is of increasing importance 
at the ])rc.‘:cnt time, chiefly because of the fact that patients are becoming 
educated to the significance of any tumor in the breast and are, tbere- 
forc. presenting themselves earlier for medical examination. Cancer can 
be cured, but only as a result of early diagnosis and early appropriate 
treatment. Concomitantly, an increasing number of borderline cases 
is observed, in which the clinical diagnosis is doubtful. Frequently there 
is no question as to the diagnosis of mammary cancer immediately before 
an operation, because there arc. unfortunately, many patients who have 
been suffering from cancer for months or years and have sought the 
advice of a physician only at the repeated urging of relatives or because 
that all'too-late danger signal, pain, has appeared. In such patients, 
with a large, hard, j^ossibly ulcerated mass with extensive metastases 
to the axilla, the neck and the chest, there is little difficulty in diagnosis 
from a clinical point of view. Operative or postoperative pathologic 
diagnosis is of little value except in determining the degree of malig- 
nancy and the probable duration of life. 

The diagnosis of early mammary cancer presents difficulties, yet 
the diagnosis must be made if the patient is to be cured. The surgeon 
and the pathologist alike must be familiar with the gross appearance 
of malignant tumors in order that appropirate treatment may be afforded 
the patient. Whether or not the services of a pathologist are available 
at the time of the operation, the surgeon must be competent to recognize 
carcinoma when it is present. The operative procedure to be advised 
depends on bis accurate observation. Such accuracy is obtained only by 
careful study of the gross specimen and by correlation of its evidence 
with the evidence offered by the frozen section. By the use of this 
method it will be possible in the vast majority of cases to make an 
accurate diagnosis by gross examination alone. 

It is the accepted policy of most svirgeons today to advise the removal 
of any questionable lump in the breast and to subject it to microscopic 
examination. Flowever, many patients are advised to wait until the 
mass makes its presence known by pain or by some other symptom. 
Carcinoma in the early stages is painless, and by the time it manifests 


IS. Bloodgood, J. C. : Biopsy in Breast Lesions, Ann. Surg. 102:239, 1935. 
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itself to the patient it is usually too late to do anything except provide 
palliative treatment. It should always be advised that if a nodule 
removed proves to be malignant radical amputation is the action to be 
followed. If facilities are not available for immediate microscopic 
examination and the tumor is believed clinically to be malignant, a radi- 
cal amputation should be done and a pathologic report studied later. 
In a great majority of cases "a single, hard nodule, with restricted 
mobility in an otherwise normal breast, is usually cancer.” Likewise 
“every single, solid painless lump in the breast at any age should be 
considered cancer until ruled out by microscopic section.” There may 
be multiple carcinomatous nodules in the breast, because it is not uncom- 
mon for cancer to arise from cysts or in chronic mastitis. Palpation 
is a valuable procedure and is best done with the flat of the hand against 
the chest wall. The patient should be examined in the supine and sitting 
positions with the arms extended above the head. The common fibro- 
adenoma is frequently but not always single and is rarely fixed, being 
freely movable in the breast tissue. A malignant nodule, on the other 
hand, is more or less firmly fixed to the skin, to the fat or to the wall 
of the chest, frequently with dimpling and retraction of the nipple. 
There are occasional exceptions, in which a malignant tumor may be 
freely movable ; this happens when carcinoma is confined to a cystic 
capsule and has not )'et penetrated to the surrounding tissue. Also, in 
occasional cases fixation to the skin, with dimpling and restricted mobil- 
ity, is associated with the inflammatory reaction of a benign tumor. 

The consistency of the more common tumors is of some aid in 
arriving at a diagnosis. Carcinoma has a hardness peculiar to itself, 
resembling the hardness of cartilage, and is almost angular at times. 
Adenoma is usually softer than carcinoma and even when hard feels 
more like a hard rubber ball, there being a sense of slight compression. 
Occasionally a cyst under great tension feels solid ; this may confuse 
the diagnostician. An occasional carcinoma (particularly if it arises 
from a cyst) may feel moderately soft and if associated with a residual 
cyst formation will escape notice. Even extensive involvement of the 
breast by the organized tissue of chronic mastitis does not give the 
same impression of hardness as does cancer. The tissue of mastitis 
is more resilient and has a rubbery toughness, making it somewhat 
difficult to cut, but it never has the scarlike appearance or the cartilage- 
like texture of carcinoma. 

The color and the transparency of a mammary tumor are of some 
value in showing the type of lesion present. Valuable information can 
be gained by looking at the cut surface ; carcinoma may show yellowis i 
or white streaks or points. These vary in size and number and represent 
fine ducts filled with proliferated cells undergoing fatty degeneration. 
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The points are cross sections, and^tlie streaks are ducts cut longitudi- 
nally. Diffuse carcinoma in which there is no definite tumor may give 
trouble, but the points usually can he found. Many sections may be 
necessary. 

Gelatinous or mucoid carcinoma may not show the opaque structure 
or the ix)ints, hut thin translucent gelatinous material may infiltrate 
the breast. Traumatic fat necrosis (clinically much like carcinoma, 
and a form of lesion which will be mentioned later) fails to show these 
features in the gross. Of course, hemorrhage, infection or extensive 
necrosis will comjdicatc the picture. 

In a large tumor which has originated in a c)'st and has filled it 
and become solid, the entire cut surface ma}’’ be pale 3 "eIIow or orange, 
with a grayish granular surface, from which cellular material (some- 
times called “cancer milk”) may be scraped with a knife. The benign 
adenoma has a white translucent surface, and no cellular debris can be 
scraped off. The dense tissue of mastitis is white and waxy, has no 
}-ellowish points or streaks and is acellular. Scraping it produces noth- 
ing. There are in addition widely scattered cysts of various sizes 
throughout the tissue. 

In some patients the breast is the site of long-standing mastitis; the 
glandular tissue feels like a mass of knotty cords without an isolated 
tumor mass. Section in these cases frequently' presents difficulty in 
reaching a dilated duct filled with a putty-like greenish to gray material. 
The tissue is vascular and edematous, and the gross appearance is alarm- 
ing. The breast is diseased, but the malignant condition is frequently 
limited to the ducts, and infiltration is lacking. Microscopic examina- 
tion is necessary. The condition is considered precancerous, and a 
simple rather than a radical operation is the rule. If the clinical evi- 
dence of a malignant condition is not conclusive, if the tumor is thought 
to be benign or if the diagnosis depends on mieroscopic examination of 
the tumor the whole tumor and not a piece should be removed, because 
the gross picture is helpful, and dissemination must be prevented. 

CLINICAL DIAGNOSIS 

The diagnosis of tumor of the breast is becoming increasingly 
difficult, because patients are coming to the physician earlier than ever 
before, showing lesions so small that signs of malignancy have not yet 
developed. This is especially true of women between the ages of 35 
and 50. During these years cancer of the breast 'in the early stages is 
commonly confused with fibroadenoma, cy'^st, mastitis or fat necrosis, 
and each of these must be considered and ruled out. In general, there 
have been no new data on symptoms of cancer of the breast. The 
average preoperative duration of symptoms gives some indication of the 
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rate of growth and the degree of malignancy. Malignant tumors of 
the breast may be divided into two classifications : sarcoma and carci- 
noma. The diagnosis of the former is usually simple when the two 
main types are considered. The first of these is true sarcoma, which 
results from a preexisting fibroadenoma. There is usually a history 
of a tumor preexisting for man}^ 3'-ears, which suddenly begins to grow 
rapidly. The tumor assumes large proportions, invades the skin and 
proceeds to central necrosis. Softening and ulceration characterize a 
still later stage. The salient feature is a tumor of long standing which 
suddenl}^ exhibits rapid growth and then breakdown. Neurogenic sar- 
coma is the second type and is probabl}' equally common. This is not 
a true tumor of breast tissue but has its origin in the nerve sheath. It 
is round, firm and noninfiltrating. The treatment is wide mastectomy. 

To treat adequately of the diagnosis of the second class of malignant 
tumors of the breast, carcinoma, one must distinguish the different 
types, because each has its own clinical characteristics and life history, 
and each has a different prognosis. The first, scirrhous carcinoma, or 
fibrocarcinoma, is a stony hard, irregular nodule, frequently attached 
to the skin and causing dimpling, retraction of the nipple and deformity 
of the breast. The tumor is slow growing and slow to metastasize, 
and because of these facts radical amputation offers a high percentage 
of cures. 

The adenocarcinoma found in the breast is of a higher grade of 
malignancy than scirrhous carcinoma. The lesion is localized, but it 
does not have the drawn, scarlike appearance of the scirrhous cancer. 
Later in its development it breaks down and ulcerates. Metastases are 
late, but when they do occur they represent a serious advance in the 
progress of the disease. Radical surgical treatment produces good 
results when the growth is confined to the breast. 

Duct carcinoma, or comedo carcinoma, represents a third type, which 
invades the entire breast but remains confined there until it is ready 
to permeate the confining tissues. Frequently there is onl}^ slight 
change in the contour of the breast, or none at all, and the growth may 
thus be overlooked. Retraction of the nipple, adherence to the skin 
and the typical pigskin appearance are later features of the picture. 
Here the prognosis is more serious than for the two preceding types 
of cancer, and wide excision of skin should be practiced. 

Sweat gland carcinoma has as its characteristic feature its eccentric 
position in the periphery of the breast, usually in the mammary fold. 
Histologically it is a variety of adenocarcinoma and is easily diagnosed 
under the microscope because its cells take only the eosin stain. The 
lesion appears to be attached to the skin, moving with it, and is not so 
firmly fixed to the deeper tissues as is the adenocarcinoma. The axi - 
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lary glands arc not involved so early in the course of the disease as in 
other t3-pcs of carcinoma of the breast. The treatment is the same as 
that for adenocarcinoma. 

Papillary cystadenocarcinoma is a type of malignant tumor which 
begins in one of the terminal ducts as a benign papilloma, most com- 
monly situated in the ampulla, at the edge of the areola. It may remain 
benign for many years, but it continues to grow and later infiltrates 
the basement membrane and invades the surrounding tissues, becoming 
a true carcinoma. This variety is frequently responsible for a sero- 
sanguineous discharge from the nipple often lasting for years. The 
neoplasm is of a comparatively low grade of malignancy, but. like most 
mammary carcinomas, it ofi'ers a bad prognosis once the axilla becomes 
involved. 

Gelatinous carcinoma is of low grade and is easih’ cured Ijy radical 
excision, but if recurrence takes place the prognosis is bad because of 
the insistence of the growth. It is radioresistant, and the best hope 
of cure lies in radical and early excision. 

The anaplastic type of carcinoma, the next under consideration, is 
a small growth, fairly hard, frequently mistaken for fibroadenoma and 
consequent^ many times wrongly diagnosed. The tumor is composed 
mostly of loose, rapidly growing, highly malignant cancer cells in a 
small amount of fibrous stroma. Metastases to bone are early and com- 
mon even though the tumor is small in size. It is high!}' radiosensitive 
and should not be operated on until after a course of irradiation has 
been given. However, because of tbe difficulty in making an early and 
positive diagnosis, the treatment is usually not specific, and the mor- 
tality is high. Irradiation of both primary and secondary growths is 
of first consideration in the treatment, and excision should be done 
whenever possible. 

Inflammatorj'- carcinoma bas a characteristic appearance. The 
involved skin of the breast has a sharply defined edge due to the invasion 
of the dermal lymph spaces by carcinoma cells. The picture resembles 
that of erysipelas. The lesion spreads rapidly through the skin. Irradi- 
ation is the treatment of choice; operation should not be attempted. 
The prognosis is essentially bad. 

DIFFERENTIAL DIAGNOSIS 

The diagnosis of fibroadenoma usually is not difficult. This is a 
round, smooth, firm tumor, not stony hard as is carcinoma. It is freely 
movable and has no cutaneous attachment. It is most frequently found 
in women under the age of 40, but even though the clinician feels 
strongly that the lesion is a benign one the safest procedure is to advise 
its removal and a detailed examination. 
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Cysts of the breast, unless they are of noticeable size, are difficult 
to diagnose. The small ones are tense and hard and may early be 
confused with fibroadenoma. They are not infrequently somewhat 
inflamed and hence attach themselves to the skin, simulating the clinical 
picture of a malignant tumor. If the presence of a cyst is strongly sus- 
pected, an aspiration needle may be introduced. This will clarify the 
diagnosis. The method of transillumination suggested by Cutler has 
been used in this clinic, with a certain degree of diagnostic accuracy. 

The diagnosis of mastitis when the condition is localized is never 
certain. The disease occurs in the cancer-bearing age and is not so 
frequent after the age of 55. The lesion is firm and irregular, with 
round nodules of varying size over its surface. It lacks the character- 
istic feeling of infiltration found in carcinoma; however, it is not freely 
movable with the breast tissue. It does not become fixed to the chest 
wall. If the lesion is multiple the diagnosis is much simpler. Again, 
the affected parts should be remoA^ed and subjected to detailed examina- 
tion to determine the diagnosis and to rule out the presence of a malig- 
nant tumor in an early stage. 

Mastitis should be divided into four types to facilitate diagnosis : 

1. Cystic mastitis and fibrous mastitis are readily diagnosed. It 
is commonly found that the masses in the breast are rounded, irregular 
and indefinite. The lesions are firm and multiple. Pain at the time of 
the menstrual period or immediately before it is a common complaint. 

2. Tuberculosis of the breast (Lee and Floyd was not a proved 
clinical entity until 1881, when Dubar proved microscopically the pres- 
ence of tuberculosis in breast tissue. It is not a common lesion and, 
according to Barker, occurs once to each 50 occurrences of mammary 
carcinoma. Only about 4 per cent of patients in whom this condition 
occurs are men. Like carcinoma, it usually occurs during the reproduc- 
tir^e years ; however, carcinoma tends to appear oftenest in the latter 
years of this period. Fifty-eight per cent of carcinomas in the cases 
reported by Lee and Lloyd Avere primary, no other focus being found. 

The earliest symptom in 75 per cent of cases is a painless lump m 
the breast. A small percentage of patients have pain, and the rest 
shoAv such symptoms as discharge from the nipple and sinus formation. 
The condition may resemble a malignant lesion, in that there may be 
retraction of the nipple and pigskin appearance of the surrounding skin. 
The mass may feel irregular, fixed and indurated and may shoAV abscess 
formation. If the last-mentioned symptom is present together with 

16. Cutler, M. : Benign Lesions of the Female Breast Simulating Cancer, 

J A. M. A. 101:1217 (Oct. 14) 1933. 

17. Lee, W. E., and Floyd, W. R. : Tuberculosis of the Breast, Ann. burg. 
99:753, 1934. 
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sinus forniation, lulierculosis is to be strongly suspected. A serosan- 
guineous discharge is an important confirmatory finding. There is 
involvement of the lymph glands in over SO per cent of cases. Carcinoma 
with sinus formation may closely resemble tuberculosis, but this stage 
of carcinoma is becoming rare as the work of public education goes on. 
In many instances absolute diagnosis cannot be made in the gross and 
resort must be bad to microscopic examination of the tissue. 

3. Syphilitic mastitis, according to Thomas,’'* occurs most com- 
monly in women, only 25 per cent of patients in reported cases being 
men. Bilateral involvement is common. The tumors may be either 
single or multij^le and may vary in size from a barely palpable nodule 
to a mass some 3 to 4 inches (7.6 to 10.1 cm.) in diameter. The tumors 
arc hard, well circumscribed and movable. They may be subcutaneous 
or embedded within the parenchyma. The a.xillary glands are seldom 
involved. 'I'hc tumors if untreated progress to ulceration and sloughing, 
with the punched-out appearance typical of ulcerating gummas. Pain 
is not a common finding and when present is not so severe as that of 
carcinoma. Carcinoma appears later in life than does gumma. A posi- 
tive serologic reaction is of prime importance in the diagnosis. 

4. Plasma cell mastitis, the last of the four types of mastitis, is 
a curious unexplained inflammatory process which tends to spontaneous 
regression and disappearance. It shows a rather characteristic history 
and has the general clinical signs of a malignant lesion. Usually, during 
the course of lactation the breast becomes acutely inflamed and presents 
a clinical picture simulating that of inflammatory carcinoma. A mass 
develops suddenly in the breast, and there is tenderness and redness 
of the skin. The entire breast becomes swollen, the axillary glands are 
enlarged and tender and there is occasionally a discharge from the nip- 
ple. The mass subsides partially but not completely, leaving a hard 
lump. The most important point of difference from inflammatory car- 
cinoma is the absence of dermal thickening, representing invasion of 
the skin by malignant cells. There is attachment of the nipple and 
occasionally an orange-skin appearance to the epidermis. The acute 
symptoms soon subside, and the residual mass takes on many of the 
characteristics of a malignant tumor. In addition to these symptoms 
of cancer the mass itself shows hardness and a feeling of infiltration. 
The mass, however, very slowly decreases in size, and this is the crucial 
sio-n which enables it to be differentiated from carcinoma in this stage 
of the disease. Other important diagnostic aids in the differentiation 
of plasma cell mastitis from carcinoma are the acute onset of the disease 
and its subsequent clinical course. 

18. Thompson, L. : Gumma of the Breast, J. A. AI. A. 74:791 (Afarch 20) 
1920. 
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Traumatic fat necrosis (described by Burton J. Lee “) is most 
common during the fourth and fifth decades, according to Cutler, « and 
can easily be mistaken for a malignant tumor both in its appearance 
and in its clinical characteristics. Trauma is an essential etiologic factor, 
and although it is found with a history of carcinoma it occurs much 
more frequently in cases of fat necrosis. Hemorrhage into the fatty 
tissue, with resultant fibrosis, seems to be the pathologic process. Fat 
necrosis resembles carcinoma in many respects. At first, there is a rapid 
increase in the size of the mass, due to proliferation of connective tissue 
in response to the chronic inflammatory process. Proliferation may not 
be apparent until several weeks or months after the injury. 

Adherence to the skin is a common feature, and retraction of the 
nipple may be present, leading one immediately to suspect malignant 
tumor. The consistency of fat necrosis is like that of carcinoma, and 
there may be fixation to the deeper underlying structures, although 
in most cases the tumor of fat necrosis is fairly well circumscribed 
and can be moved around in the breast tissue with greater ease than 
can a malignant tumor. 

Radical excision, of course, is not necessary, fat necrosis being 
classed with the benign lesions of the breast.^® 

Paget’s disease of the nipple is a condition which is said to be most 
common in women between the ages of 35 and 50. It first manifests 
itself as intractable eczema of the nipple. The area around the nipple 
is usually bright red and inflamed, with a finely granular surface. The 
surface may be moist and weeping, with a grayish exudate, or drj^ and 
scaly. The border is circinate and slightly raised. Within two years 
usually but occasionally not for as long as ten years, carcinoma appears 
in the breast. The debate as to which condition is primary seems still 
to be unsettled. There are those who follow Handley and believe that 
Paget’s disease of tlie breast is essentially a malignant condition and 
that the eczema is the result of the carcinoma, while there are many 
others who follow Paget in believing that the disease begins in the skin, 
carcinoma of the breast being a secondary development. 

19. In this connection, an interesting case has been recorded at the Guthrie 
Clinic since this paper was written. A woman, aged 60, was admitted with a 
history of trauma to the periphery of the upper middle quadrant of the right 
breast six weeks previous to admission. The injury was followed b 3 ' painful 
swelling, which gradually subsided to a tender, ill defined mass. The mass was 
removed by simple amputation, and microscopic examination showed adeno- 
carcinoma in the wall of a cyst, approximately 1 cm. in diameter, with a firm 
dry, whitish center. There were several areas of pigmentation, and evidence of 
old hemorrhage was present with the necrotic fat. There was no a.x'iilary involve- 
ment. Radical amputation was then done. 
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In any event, the recognition of Paget’s disease calls for radical 
surgical intervention. 

GROWTH AND SPREAD 

Carcinomas of the breast showing involvement of the lymph nodes 
decidedly outnumber those that have no such involvement. In the cases 
reported by Moschcowitz and Colp," metastases to lymph nodes were 
present in 56 per cent, absent in 35 per cent and not mentioned in the 
report in 9 per cent. Stubenbord ® had 63 per cent, 28 per cent and 
9 per cent, respectively. In this series of 439 cases, involvement of the 
lymph glands was present in 58 per cent, absent in 39 per cent and 
not mentioned in the report in 3 per cent. Thirty tumors were found 
to be inoperable through the primaiy axillary incision, and 17 of the 
patients died within one year of their examination. No trace of the 
others could be found. 

Table 2. — Involvement of the Axillary Lymph Nodes in Mammary Carcinoma 


Nodes Not Involved, Nodes Involved, 

Patient Living Patient Living 

and Well and Well 

— * ■ ._ « 


Author 

3 Years, 
Percentage 

10 Years, 
Percentage 

5 Years, 
Percentage 

10 Years, 
Percentage 

Harrington » 

03.6 

44.1 

24.3 

13.4 

Bunts, Prank E.: Ann. Surg. 70 : 3-11, 1922... 

35.0 

18.0 

20.0 

8.8 

White, W. C.; Ann. Surg. 80:095, 1927 

70.0 

57.0 

19.0 

10.0 

Guthrie 

. C5.U 

40.9 

23.0 

9.8 


Gross evidence of axillary and cervical metastases was not present 
in all of the cases included, but microscopic examination revealed their 
presence, showing that metastatic carcinoma occurred much more fre- 
quently than nonmetastatic carcinoma. This may mean that involvement 
of the lymph glands occurs earlier than is suspected, but it more prob- 
ably indicates in many cases neglect by the patient to attend to the 
smallest lump in the breast immediately on its discovery. In this con- 
nection the conclusions of Medical Report no. 34 of the British 
Ministry of Health are interesting. They illustrate the extreme 
importance of undertaking the complete operation while the lesion is still 
confined to the breast and show that 90.1 per cent of patients in whom 
the lesion was thus limited were alive ten years after the operation, 
while 91.3 per cent of patients with axillary involvement were dead 

20. The Late Results of Operation for Cancer of the Breast, Medical Report 
no. 34, British Ministry of Health, London, His Majesty’s Stationery Office, 1926; 
cited in At the Heart of the Cancer Problem, editorial. Am. J. Surg. 27:187, 
1935. 
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within ten years after the operation. Of patients having advanced 
carcinoma, 94.4 per cent were dead within ten years. 

Education, of course, is the most potent weapon available to physi- 
cians in dealing with this phase of the disease. In the words of Sir 
George Newman : “Not 25 per cent of women with cancer of the breast 
obtain surgical treatment before their disease has gotten beyond the 
first stages.” He said : “It is not because the disease advances rapidly. 
. . . The prime need in reducing mortality ... is not extended 

hospital accommodations, not improved methods of treatment nor even 
diagnosis ... it is avoidance of delay.” The essence of the situa- 
tion is to make sure that cancer of the breast is recognized immediately 
and is immediately treated. 

To teach the laity the significance and the potential danger of a 
tumor in the breast would mean, in many cases, an earlier visit to the 
physician. To be sure, many more cases of almost certainly benignant 
tumor would be seen, but in the presence of that word “almost” lies 
danger. To make certain the presence or absence of danger the tumor 
must be removed and examined by a competent pathologist. The patient 
should be told the possibilities of the diagnosis, and permission should 
always be obtained for a radical operation in the event that a malignant 
lesion is found. Using this approach of complete frankness, one seldom 
encounters a patient who will not cooperate in every way. 

Routine roentgen examination of the chest and the pelvis should 
be done in cases of carcinoma of the breast, because of the large per- 
centage of metastases to these areas. Lenz and Freid reported that 
in nearly 50 per cent (81 cases in a series of 168) of their cases such 
skeletal metastases were present, and Schreiner and Stenstrom ® 
reported that in 45 per cent of their cases metastases occurred in the 
chest, the spine and the long bones. 

OPERABILITY 

The simplest definition of operability from the clinical standpoint 
is that advocated by Lee,^* who stated that a tumor of the breast is 
operable when it is not fixed to the wall of the chest, whether or not 
the axillary lymph nodes have been invaded. In an inoperable cancer 
one or more of the following factors are present ; Fixation^ of the 
tumor itself to the wall of the chest (with fixed axillary nodes) , involve 
ment of the supraclavicular or of the opposite axillary nodes ; metastases 
to the chest or to bones; diffuse subcutaneous nodes; diffuse inflam- 

21. Lenz, M., and Freid, J. B.: Metastases of the Skeleton, Brain and SpjnaJ 
Cord from Cancer of the Breast and the Effect of Radiotherapy, Ann. urg 
93:279, 1931. 
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matory cancer involving a wide cutaneous area ; remote metastases. In 
such cases radical amputation should be withheld for two reasons. 
First, radical surgical operation on a debilitated patient shortens the 
life of the patient, and, second, it may bring discredit to surgery in the 
minds of the people. Cases must be chosen in which the tumor is really 
“operable.” This in no wise indicates an unwillingness to perform 
palliative operations when they are indicated. The patient oi', better, 
the relatives should be impressed with the fact that medical attention 
has been sought too late and that had the cancer been seen in its earlier 
stages it would probabl}' have been amenable to surgical treatment. In 
7 per cent of cases in this series the tumor was inoperable. 

OPERATIVE TREATMENT 

The modern conception of the radical operation for cancer of the 
breast derives from Flalstead and from Willy Meyer. The evolution 
of the operation was well described by Rodman and its technic by Har- 
rington.” Unfortunately, the necessity for this radical operation is 
not universally appreciated, and various less radical procedures are still 
widely practiced, always with poorer results and fewer cures. In the 
less radical procedures the attempt is usually made to preserve the 
pectoralis minor muscle, and in many of them too much skin is pre- 
served over the breast. Handley demonstrated the presence of invasion 
of the pectoralis muscle (Guthrie^®) and the necessity for its removal. 

Little of note has been added to knowledge in recent years of 
the requirements of technic in operations for cancer of the breast. Rod- 
man (Guthrie^®) in 1908 described an operation which embodies the 
essential principles required for the thorough surgical removal of a 
breast with a malignant tumor. There are two main principles : First, 
the operation must be complete enough to remove all probably involved 
tissue within the limits of reasonable surgical access; second, the steps 
of the operation should be so carried out that outgoing lymph streams 
are blocked off early in the operation, thus guarding against dissemina- 
tion of malignant cells. To accomplish this last requirement Rodman 
emphasized the primary axillary dissection, with removal of the axillary 
tissue in one mass as a gland-bearing fascia. 

It is possible also in the primary axillary attack to investigate the 
extent of metastases and to decide whether or not the complete operation 
is justifiable. 

The standard radical operation, as carried out at the Guthrie Clinic, involves 
the following points : A wide area of skin must be removed ; in no case should it 
be less than 2 inches (5 cm.) equidistant from the growth. Rodman’s primary- 
incision is a straight incision beginning 1 inch (2.5 cm.) below the clavicle and 
about 1)4 inches (3.7 cm.) medial to the sulcus between tlie deltoid and the 
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pectoralis muscle. It parallels the sulcus. This type of incision does not extend 
to the arm and obviates the possibility of scar formation which may contract and 
limit abduction. The axilla is exposed by dividing the tendons of the pectorales 
at their insertions. As a rule the clavicular portion of the pectoralis major is 
not removed unless the growth is in the upper cut portion of the breast. The 
acromiothoracic and the long thoracic arteries run parallel (above and below, 
respectively) to the tendon of the pectoralis minor muscle and should not be 
injured during this step of the operation. By the cutting of the costocoracoid 
membrane the space of Mohrenheim is well exposed. 

The dissection of the axilla begins at the apex and extends from above down- 
ward and from within outward. As the sheath and the fat are removed from 
the axillary vessels, the acromial long branch, the alar thoracic branch and the 
subscapular branch of the axillary artery are encountered in the order named. 
These, with their accompanying veins, are drawn out and the proximal ends 
ligated. No attempt should be made to remove individual enlarged glands. The 
contents of the axilla should be removed en masse as a gland-bearing fascia. 
When this dissection has been completed nothing is left on the inner aspect of the 
axilla but the posterior thoracic nerve of Bell and, posteriorly, the long sub- 
scapular nerve. 

The breast is removed by an incision beginning at the middle of the primary 
incision, encircling the breast and extending downward to a point halfway between 
the ensiform appendage and the umbilicus. The oval should be S or 6 inches (12 
to IS cm.) or more at its greatest breadth, and the incision should never come 
within 2 inches (5 cm.) of the edge of the growth. The subcutaneous tissues 
are cut on a slant so that the skin in every direction is undermined for a distance 
of several inches from the edges of the wound. 

American as well as English surgeons, following the precept of Handley, 
are practicing extensive deep resection of the fascia in order to prevent peritoneal 
invasion by malignant cells, which extends along fascial planes, particularly the 
rectus. The prevention of dissemination and contamination during the operative 
procedure is also a matter of prime importance. Dissemination may take place 
during the operation through uncut lymphatics, and for this reason manipulation 
or squeezing of the breast should be carefully avoided. Important in this con- 
sideration is the suggestion of Willy Aleyer, who began the operation in the 
axilla, dividing the lymph vessels at their highest point before the breast was 
handled at all. Thus the routes of dissemination were cut off. 

Jackson 22 believed contamination to be the cause of local recurrence in many 
cases. Malignant cells escape from the lymph channels of the breast and, becom- 
ing implanted in the wound after closure, readily develop into new growths. 
While this idea is not demonstrable, it is plausible. To prevent such contamina- 
tion, the flaps, as they are dissected laterally, are reflected and covered with wet 
packs, and as the dissection proceeds more packs are added, going down on the 
chest wall. This serves a double purpose, as much heat is prevented from radiating 
from the large denuded surface and the degree of shock is thereby lessened. 

Closure of the wound is begun where the first incision was made, near tie 
clavicle; closure of the oval is begun at the sternal end. After advancing one- 
third of the distance it can be determined whether the flaps can be approxima e^ 
readily. If this is impossible the axillary portion of the wound is closed for one- 

Jacl^n, J. N. : The Requirements of Technique in Operations for Cancer 
of the Breast, Ann. Surg. 72:181, 1920. 
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third of the distance. The central one-third, which can not be approximated, is 
covered by Thiersch grafts taken from the thigh. Drainage is not employed 
except when the patient is fleshy or when the field is wet. Early active motion is 
encouraged. 

In conclusion, a significant group of figures is presented. One may 
assert that the greatest advance in the past decade both in securing 
improved results and in saving life lies in the fact that patients come 
earlier to the surgeon for treatment. That patients do come earlier is 
obvious when one studies the comparative statement of the average 
duration of the disease from the time of appearance of the first symptom 
to the time of the operation (table 3). 

This result may in part, at least, be attributed to the work of the 
American Society for the Control of Cancer. It is earnestly hoped that 
further advances will be made in the knowledge of the nature of cancer, 
in methods of diagnosis and in improved treatment by operation, but 
it is certain that by far the most effective means of saving life and 

Table 3. — Duration of Mammary Cancer Before Operation 


1910-1922 1923-1935 


Average duration 65 weeks 55 weeks 

Patients who cams to operation within 1 year 43.3% 55.5% 

Patients who came to operation within 6 months 31.4% 40.4% 

Patients who came to operation within 1 month 7.2% 23.2% 


ameliorating suffering from cancer of the breast at the present time 
lies in the early diagnosis of the lesion and its prompt removal by radical 
means. 

SUMMARY AND CONCLUSIONS 

Perhaps no disease has received more intensive study than has can- 
cer. Yet it is generally agreed that cancer, one of the chief destroyers 
of mankind, remains essentially a mystery. 

Chronic mastitis, stagnation, previous involutional or inflammatory 
changes and trauma are believed by many to be important predisposing 
conditions. 

Malignant tumor of the breast is especially prevalent in the fourth 
and fifth decades of life. It is seldom found in persons under the age 
of 20 years. 

About 1 per cent of malignant tumors of the breast are found in 
male patients. 

Cystic disease is not believed to be a precancerous lesion, and malig- 
nant changes are no more likely to develop in a breast showing the 
disease than in one which is entirel}^ normal. 
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All single solid tumors of the breast should be removed for diagnosis. 
While the diagnosis of carcinoma can in the majority of cases be made 
from the gross tissue at the operating table, a competent pathologist 
with facilities for examining frozen sections should be available for the 
10 or 20 per cent of cases in which this is not possible. 

Mammary cancer is found more often in married women than in 
unmarried women. This comparative frequency prevails to such an 
extent that one suspects that the incidence of mammary cancer in 
married women is dependent on some definite factor. 

Cancer of the breast seems to appear sliglitly earlier in those patients 
who are unable to meet the physiologic demands of pregnancy and latest 
in those who have never been pregnant. 

Cancer can be cured, but early diagnosis and appropriate treatment 
are absolutely necessaiy. Thousands of persons with lesions of proved 
malignancy have been restored to health for periods up to ten or more 
years through surgical treatment or irradiation, alone or in combination. 
Biopsy of material taken from questionable lesions is by far the best 
policy. 

Salient features to be considered in differentiating between benign 
lesions and cancer are presented from the clinical and gross pathologic 
standpoint. 

Cases in which there is involvement of the lymph glands decidedly 
outnumber those in which there is no such involvement. In the former, 
group the mortality at the end of ten years is about four times that in 
the latter group. 

Definite metastases in the supra-clavicular region are a contraindica- 
tion to surgical treatment, as is also large extension to the axilla, 
because, first, life is endangered and, second, discredit may be brought 
to surgery in the minds of the laity. 

Continued education of the laity is one of the best weapons in the 
fight against malignant tumors. One often hears the remark made 
that publicity and propaganda do more harm than good, because of the 
alarm and terror they may arouse in an ignorant and unintelligent pub- 
lic. The argument is specious. The imaginary horror is not nearly so 
harmful as the actual terror that accompanies malignant disease. 

At present, radical operation for cancer of the breast permits a 
number of different incisions but is commonly understood to demand 
the removal in one piece of the following structures ; the breast (with 
all the skin over the breast), the pectoralis major and pectoralis minor 
muscles, the axillary contents (with the exception of the vein, the arter} 
and the brachial plexus) and the deep fascia from clavicle to epigastrium 
and from sternum to latissimus. 

Patients during the last decade have been coming to operation earlier 
by a few weeks than those of the previous ten years. 



PROBLEMS IN THE SURGICAL TREATMENT 
OF RENAL CALCULI 


THOMAS E. GIBSON, M.D. 

SAN FRANCISCO 

Montaigne, the great philosopher of the sixteenth century, has given 
a most graphic description of the symptoms of “stone,” tinged by the 
unmitigated realit)^ of personal experience, since he himself was a 
sufferer for many years: 

Thou art seen to sweat with pain, to look pale and red, to tremble, to vomit 
well nigh to blood, to suffer strange contortions and convulsions, by starts to let 
tears drop from thine eyes, to urine thick, black, and frightful water, or to have 
it suppressed by some sharp and craggy stone that cruelly pricks and tears thee. 

However, he never reached “such a degree of despair as to bellow 
and make uproar.” He traveled much, seeking a cure at the various 
watering places of Europe, but without success. 

Through the centuries the cause of the formation of stone remained 
obscure. However, during the last few years knowledge of the causes 
and prevention of urinary lithiasis has been greatly augmented by 
painstaking research on the part of numerous investigators. This 
knowledge has served to emphasize the fact that the surgical removal 
of stone from the urinary tract is but incidental to a general plan of 
treatment. The occurrence of stone must be considered a manifestation 
of some underlying disease, and every effort should be made to discover 
what etiologic factors are responsible in the individual case. After the 
elimination of calculi from the urinary tract intelligent follow-up treat- 
ment must be carried out to prevent recurrence. 

The present highly developed instrumental armamentarium and 
diagnostic equipment have made exploratory operations on the genito- 
urinary tract practically obsolete. With accurate diagnosis at his com- 
mand, the surgeon’s mind should be made up before he operates, and 
not at the operating table. However, with respect to urinary calculi, 
the choice of treatment often presents problems which tax the 
ingenuity, experience and skill of the urologist to the utmost. The 
surgical treatment of renal calculi often presents difficulties, certain 
phases of which perhaps have not been sufficiently stressed. For this 
reason, a few of the surgical problems arising in the course of my 
personal experience are presented for consideration. 

Read before the New York Academy of Medicine, Jan. 20, 1937. 
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THE MEDIUM-SIZED CALCULUS IN THE RENAL PELVIS 

Probably the easiest of all operations on the kidney is the removal 
of the uncomplicated medium-sized stone (from 1 to 3 cm. in dimen- 
sions) from the renal pelvis (fig. 1). Provided the ureter and pelvis are 
not surrounded by dense adhesions (periureteritis and peripyelitis) and 
no obstructive factor is present necessitating plastic repair of the pelvic 
outlet, simple pyelotomy is all that is necessary. In the absence of gross 
infection the incision is closed tightly with interrupted sutures of fine 
catgut and drainage is limited to a Penrose tube down to the region 



Fig. 1. — Stone in the pelvis of the right kidney; (A) plain roentgenogram of 
kidney, ureter and bladder; (F) pyelogram. This is a case without complications, 
suitable for simple pyelolithotomy. 

of the pelvis in order to take care of urinary leakage, which may last 
a few days or may not occur at all. 


SURGICAL PROBLEM OF THE SMALL RENAL CALCULUS 

No operation on the kidney is approached with as much trepidation 
in my personal experience as the removal of the small, freely movab e 
stone in the renal pelvis (fig. 2). The smaller the stone or stones the 
greater is the anxiety. Having seen surgeons on one or two occasions 
acknowledge failure after a search for a small stone in the kidnej 
have gained a wholesome respect for such offenders. They are o en 
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capable of causing greater pain than the larger stones; hence all the 
more reason for finding and removing them. The problem of locating 
them may well be likened to the proverbial searching for a needle in a 
haystack, at least in some cases. 

No operation for renal or ureteral stone should be undertaken with- 
out a plain roentgenogram taken immediately before the operation. The 
film should be hung in the opei'ating room to guide one’s approach to 



Fig. 2. — Small ball valve stone in the pelvis of the left kidney. The small 
renal stone often presents a difficult surgical problem because it may be elusive. 


the stone. However, manipulation of the kidney incidental to exposure 
may cause the stone to shift its position and retreat into the dark 
recesses of the kidney, where it may elude probing or palpation through 
a pyelotomy incision. In exposing the kidney, one should as soon as 
possible isolate and occlude the ureter below the pelvic outlet to prevent 
possible escape of the stone in that direction. In case the stone cannot 
be found on careful exploration through the incision in the renal pelvis 
a roentgenogram of the kidney at the operating table may be of material 
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assistance in locating it. However, even this assistance may be of no 
avail, as happened in the case illustrated in figure 2. 

The patient was a j'Oung woman with severe colic resembling epileptiform 
convulsions, poorly controlled by morphine and atropine in generous doses. A 
ureteral catheter relieved pain by pushing the stone away from the pelvic outlet, 
but recurrence of pain soon followed the removal of the catheter. The description 
of the operation (Nov. 26, 1928) is as follows: A subcostal incision was made 
running from the costovertebral angle anteriorlj’- and downward for a distance of 
about 5 inches (12.5 cm.). Incision was continued through the muscles to the 
retroperitoneal fascia, no nerves and practically no bleeders being encountered. 
The costovertebral ligament was cut in order to give adequate exposure. When 
the retroperitoneal fascia was opened, the lemon yellow fat about the kidne)' was 
seen. The lower pole of the kidney and in turn the ureter were readily exposed. 

A inch (1.3 cm.) tape was passed beneath the ureter to serve for traction. 

The ureter was followed up toward the kidney, and a small pelvis, intrarenal in 
tj'pe, Avas found. There rvas some reaction about the pelvis, so that it Avas difficult 
to get a good exposure until the adhesions had been broken up and the bleeding 
stopped. Tavo 00 catgut retention sutures Avere placed in the peh'is just aboA'e the 
ureteropelvic junction and a small incision made betAveen them. In an attempt to 
grasp the stone Avith forceps through the incision it Avas pushed up into the renal 
pelvis, and it AA'as impossible to locate it again. It was a small stone, less than 

0.5 cm. in diameter. Ordinarily such a stone Avould pass doAA'n the ureter, but 

because the patient had been suffering terrible agony for tAvo Aveeks and the stone 
had not got further than the ureteropelvic junction, it Avas deemed advisable to 
remove it surgically. 

The upper pole of the kidney Avas then freed and the kidnej' brought into the 
Avound. Still careful palpation and probing failed to locate the stone. Therefore, 
the roentgenologist Avas called in, Avith his portable machine, and an exposure Avas 
made to try to determine the nCAV location of the stone. In the picture thus made 
the stone shoAved clearly and from all appearances seemed to be still in the peh’is. 
Probing through this opening failed to reveal it. A ]\Iayo hemostat Avas introduced 
through the opening, and no grating sensation of the stone could be felt an3’AA’here. 
When the hemostat Avas AvithdraAvn a clot of blood Avas seen to protrude from 
this opening. This Avas removed and another attempt made to palpate the stone 
in the kidney. While this Avas being done the nurse discovered the stone buried 
in the middle of the clot AA'hich had just been remoA’ed. The clot of blood com- 
pletely disguised the stone and made it impossible to detect it by palpation or to 
get any grating sound on a metal instrument. After this fortunate occurrence 
closure Avas begun. The tAVO incisions in the pelvis and ureter AA-ere closed Avith 
00 catgut sutures, a piece of fat being placed over the incision and tied in AA’ifh a 
suture. A tubular rubber dam for drainage Avas placed in the region of tlie renal 
pelvis and brought out through the posterior angle of the Avound. The muscles 
Avere closed in tAvo layers Avith continuous lock sutures of no. 2 chromic materia . 
The subcutaneous tissues Avere approximated with interrupted sutures of 00 catgut. 
Skin Avas closed Avith a continuous lock suture of dermol. The Avound Avas dresse 
Avith tincture of benzoin. The patient Avas given a hypodermoclysis on the table 
and returned to her room in good condition. 

Here Avas an urgent and clearcut indication for operation, and }et 
the stone could not be found. When I was about to give up in despair 
the nurse at the operating table said, “Here it is” and shoAved me le 
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stone extracted from a small blood clot which had been removed from 
the renal pelvis. The nurse was properly rewarded for her alertness, 
and my respect for the small renal calculus was further enhanced. 

A similar problem arose in connection with the case illustrated in 
figure 3. 

To make matters worse, the renal pelvis was intrarenal in type, so that the 
little finger could not be inserted in the hope of palpating the stone. Furthermore, 
the stone eluded the grasp of the forceps, and no grating sensation could be elicited 
by probing into the calices. As a last resort the hydraulic maneuver illustrated in 
figure 4 was utilized, with gratifying results. A small soft rubber catheter was 
inserted into the renal pelvis, and the pyelotomy incision was closed tightly about 



Fig. 3. — Small renal stone {A') in pelvis of kidney (B). The pelvis is intrarenal 
in type and the stone freely movable, having ready access to all the calices. The 
surgical problem of finding such a stone may be most difficult unless one resorts 
to the hydraulic maneuver described in the text and illustrated in figure 4. 

the catheter by pressure of thumb and forefinger, while an assistant with a 10 cc. 
Luer syringe injected physiologic solution of sodium chloride with some force. 
When the pelvis and calices were fully distended the catheter was suddenly with- 
drawn. The sudden outrush of fluid created a strong outward current, which 
carried the stone with it. The stone was found (to the great relief of all present) 
reposing on the gauze sponge previously placed beneath the renal pelvis. 

The point which makes the difference between success and failure 
in the hydraulic maneuver is that the same principles must be followed 
as in the evacuation of small stones or fragments of stones from the 
bladder following litholapax)^ It does not suffice to insert a catheter or 
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the point of a. syringe into the pelvis and flush the kidney. The solution 
merely runs back out of the pyelotomy incision around the catheter or 
syringe. The incision must be kept closed tightly while the injection is 
made, and it is preferable to flush back and forth just as with the blad- 
der evacuator, in order to set up a current of sufficient force within the 
kidney to set the stone in motion. Then during the phase of complete 
distention the syringe or catheter is suddenly removed and the out- 
rushing of fluid allowed to carry the stone with it. Figure 5 illustrates 
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Fig. 4.-Technic of the hydraulic nianeuver, p'ocTduTe tasTsed 

renal calculus which escapes detectwn^ JItrarenal in type, a circumstance 

in the case illustrated in figure . P principles applj 

which always nulkes the ol stone troi. the bladder. 

as in the e.acuation ot small ^ "5 *ropeaing in the ureter tightly 
Note that in A the thumb and forefinger ke p -gter while the injection 

do ^to prevent the escape of the fluid " ,h„„n in B) set 

fstg made. Forcible to C catheter is s.ddc. y 

the stone m motion. After _ through the opening m the ureter w 

roriiS^ 

the ureter. 
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the use of an asepto syringe in the extrarenal type of pelvis. Probably 
an ordinary ear syringe would be even more satisfactory, but I have 
not had occasion to use it. Figure 6 represents a purely theoretic appli- 
cation of the McCarthy evacuator in cases of hydronephrosis with 
multiple small calculi. The hydraulic maneuver, if it may be dignified 



Fig. 5. — Application of the principle illustrated in figure 4 to a case of multiple 
small calculi in which the pelvis is of extrarenal type. An ordinary asepto bulb 
syringe was used. 



Fig. 6. — Hypothetic use of the McCarthy evacuator in a case of small calculi 
in a large hydronephrotic kidney. 

by such a term, not only is of great value in dealing with the small, 
elusive renal calculus but should occasionally prove valuable in the 
eviction of unsuspected stones. Braasch and Foulds (1923) in review- 
ing 1,079 operations for stone noted that multiple stones were found- 
at operation in 146 cases in which a single shadow was seen in the 
roentgenogram. 
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URETHRAL SPLINT AS APPLIED TO PROBLEM OF FORMATION 
OF STRICTURES WITH SECONDARY HYDRONEPHROSIS 
AFTER PYELOLITHOTOMY 

Not infrequently one is surprised to find a presumably eas)’’ 
pyelotomy for stone complicated by dense adhesions about the upper 
pait of the ureter and the renal pelvis. Routine urologic investigation 
prior to operation may give no inkling of their presence, which may 
make an otherwise simple operation very difficult. It is in cases of this 
sort particularly that unfavoi'able late results occur in the form of 
refractory or impenetrable stricture and ultimate destruction of the kid- 
ney by secondary hydronephrosis. The patient may have no symptoms, 
and such a result may pass unrecognized unless urographic studies are 
made after operation. Patients are prone to think that an operation 
should end the necessity for instrumental manipulation, and deference 
to their objections often influences the urologist to neglect this 
extremely vital follow-up program, with the result that in an occasional 
case the kidney becomes permanently damaged or functionless. A few 
unfortunate experiences of this sort have convinced me that no patient 
should be allowed to leave the hospital after pyelotomy or ureterotomy 
without ureteral catheterization and dilation and pelvic lavage to be 
sure the ureter is free from kinks and strictures and that no residual 
infection remains to favor the recurrence of stones and the development 
of hydronephrosis. As a further precautionary measure to prevent such 
disastrous end results, I believe the use of the ureteral splint at opera- 
tion is definitely indicated, at least in all cases in which evidence of 
previous periureteritis and peripyelitis exists in the form of dense 
adhesions about the ureter and pelvis. An indwelling ureteral catheter 
may be placed cystoscopically before operation, and if deemed advisable 
a second catheter may be passed in a retrograde manner during the 
operation and left in place for several days postoperatively so as to 
secure a straight ureter with good drainage and to prevent kinking, 
formation of stricture and urinary stasis. 

The result of neglecting these fundamental principles is well shown 
in the 2 cases illustrated in figures 7 and 8. 

Pyelolithotomy in both cases was rendered difficult by the presence of dense 
adhesions about the upper part of the ureter and pelvis. No ureteral splinting was 
utilized at operation. As a result marked distortion and stenosis of the upper part 
of the ureter and of the pelvis developed in both cases, with resultant hydro- 
nephrosis. In 1 (fig. 7) after several attempts the renal pelvis was successfully 
entered by ureteral catheter through the cystoscope. In the other (fig. 8) al 
attempts proved unsuccessful, and nephrectomy for infected hydronephrosis was 

later necessary. 



Fig. 7. — Small renal calculus offering a difficult surgical problem for pyelo- 
lithotomy because of the small intrarenal pelvis surrounded by dense adhesions 
due to chronic periureteritis and peripyelitis. The ureteral splint is recommended 
routinely in such cases. Failure to use the ureteral splint in this case resulted 
in stricture and distortion of the pelvis and ureter with secondary hydronephrosis 
following the operation. Dilators were passed after numerous cystoscopies, and 
the kidney was saved from complete destruction only with the greatest difficulty. 



Fig. 8. — Calculus in the pelvis of the left kidney; A, plain roentgcnogrs=^- 
B, pyelogram. Dense adhesions about the pelvis made the removal of the 
difficult, and failure to make use of the ureteral splint resulted in imperci^-* 
stricture of the ureter (C) and infected hydronephrosis later requiring mphre^^' 
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The ureteral splint may be used in several ways. The catheter may 
be passed before operation to the renal pelvis through a cystoscope, or 
a retrograde catheter may be passed down the ureter from above through 
the pyelotomy wound. Drainage by means of nephrostomy may be 
combined with ureteral splinting as shown in figure 9 a and is advisable 
in cases of severe infection as well as in all anastomotic procedures and 
certain types of plastic repair of the ureter and pelvis. Figure 9 b shows 
a method of ureteral splinting without nephrostomy. 

This procedure was used in a case of h 3 'dronephrosis without infection due to 
stricture of the pelvic outlet, in which stones were of secondary importance. The 
lower part of the hydronephrotic sac was cut away, the stones included, the pelvic 
outlet dilated with a Mayo hemostat and multiple vertical incisions made about it 
down to the submucosa, as described by David M. Davis (1933), the principle of 



Fig. 9. — Types of ureteral splinting: (a) with drainage by means of nephros- 
tomy, (h) with drainage by means of pyelotomy. Splinting is advisable in 
practically all cases of plastic repair of the pelvis or ureter and in all operations for 
stone in the kidney or ureter associated with periureteritis or peripyelitis. The 
ureteral catheter is generally the best splint and should be retained in^ place 
for a week or more, according to the need of the patient. Use of the principle of 
the splint will insure a straight ureter and adequate renal drainage. The pro- 
cedure shown in b was followed with excellent results in the case illustrated 
in figure 10, 

the Rammstedt operation for pylorospasm being utilized. Two no. 7F ureteral 
catheters were inserted as a ureteral splint and to maintain dilatation of the pe wc 
outlet They were left in place six days. The pyelograms (fig. 10) show e 
condition before operation and the final result seven months after operation. 

The ureteral splint is of great value also in preventing ^stortion 
and stenosis following operations for stone in the lower ureter (fig. 1 T 
particularly where there is much periureteral reaction. It is advisa 
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to pass a catheter at cystoscopy before ' operation, to be left in place 
during and after operation. If the catheter cannot be passed beyond the 
stone through the cystoscope, one can pass it on up to the renal kidney 
pelvis at operation after the stone is removed. 

In a case such as that illustrated in figure 11, in which the stone is 
close to the bladder and a catheter cannot be passed from below, one 
can follow the procedure used in that case : 

After the stone was removed at operation, one end of a ureteral catheter was 
passed upward to the renal pelvis and the other downward into the bladder through 
the ureterotomy wound. After six days the end of the catheter which was coiled in 
the bladder was brought out through the urethra with the aid of the cystoscope. 



Fig. 10. — Two small calculi (A) in the pelvis of a right hydronephrotic 
kidney (B). Hydronephrosis was due to stricture at the pelvic outlet. The 
operation carried out in this case is shown in figure 9 b. In addition, the pelvic 
outlet was thoroughly dilated with a Mayo hemostat and vertical incisions made 
externally about the ureteropelvic junction down to the submucosa to allow of 
maximum patency. A double ureteral catheter was used as a splint and left 
in place for a week after operation. This kidney also exhibited marked ptosis 
in the vertical pyelogram, which was corrected by nephropexJ^ Since the patient 
was an e.xtremely neurotic young woman, a renal sympathectomy was done to 
make doubly sure of relieving all pain. The ultimate result is shown in C seven 
months after operation. The kidney has regained perfect function and is free 
from infection. 

Use of the ureteral splint in such cases will definitely prevent tire 
occurrence of distortion, stenosis and urinar}’’ fistula, rvhich sometimes 
make it difficult or impossible to pass a catheter up the ureter afterward. 
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PROBLEM OF CHOICE OF NEPHROTOMY, HEMINEPHRECTOMY OR 
NEPHRECTOMY IN CASES OF LARGE STONE 

The remarkable reparative power of the kidney has impressed 
urologists of late years, and a conservative trend has grown in renal 
surgery. Kidneys practically devoid of function are seen to recover to 
a surprising degree when conscientious treatment is undertaken before 
operation to eliminate infection and promote free drainage in ’cases of 
renal stone complicated by infection and obstruction. Even in cases in 
which these factors are not present to any degree, the presence of a 
stone in the kidney appears at times to exert an inhibitory action on 



Fig. 11. — Bilateral hydronephrosis, on the right due to ureteral stricture and on 
the left to two calculi, which appear as one in the lower part of the ureter 
near the bladder. The stones were removed by a midline ureterolithotomy. A 
ureteral catheter could not be passed beyond the stones with the cystoscope but 
was inserted, for the purpose of splinting, through the incision after the stones 
were removed, one end being passed into the bladder and the other up to the 
renal pelvis. 

function, and at operation one will be surprised to find an amount of 
healthy-looking parenchyma far beyond expectations based on previous 
studies of function. Realization of these factors will sometimes resu t 
in the saving of a kidney in a case in which nephrectomy was con- 
templated. Figure 12 illustrates the ideal type of case for partia 
resection of the kidney rather than nephrotomy in the treatment o 

renal calculus. 




GIBSON— RENAL CALCULI 


223 


There was a large stone in the pelvis and in addition one in the lower major 
calix with evidence of gross infection and dilatation about it. The upper half of 
the kidney was remarkably normal. The best interests of the patient were served 
by removing this diseased renal tissue with the stones. 

Figure 13 illustrates a case in which a large stone was present and 
in addition the entire kidney was heavily infected, with complete loss 
of function. 

A nephrolithotomy was done with drainage by means of nephrostomy, but the 
infection did not clear up, and there was no return of function. In this case the 
treatment employed was too conservative, as later events proved a nephrectomy 
would have been the procedure of choice. 



Fig. 12. — Large stones in an ideal case for resection of kidney; A, plain 
roentgnogram of kidney, ureter and bladder; B, pyelogram showing their 
relation to the kidney. The lower pole of the kidney presented a localized pyone- 
phrosis. The abscess about the stone in the lower pole is readily seen in the pyelo- 
grara. The parenchyma of the lower pole was destroyed by clironic inflammatori' 
changes. Since the upper two thirds of the kidney appeared normal, the lower 
third was resected and all the stones removed through this approach. The patient 
made an e.xcellent recovery. 


One must judge from the appearance of the parenchyma at opera- 
tion and not be influenced entirely by the preliminary urinary and func- 
tional findings as to whether to do a nephrectom}'^ or a nephrotomy. 
Figure 14 illustrates a case in which renal function before operation as 
measured by the output of phenolphthalein was almost nil, yet after 
operation there was a return to normal. 
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Fig. 13. — Large left renal calculus : A, plain roentgenogram of kidney, 
ureter and bladder; B, pyelogram. The stone was removed by nephrotomy, but 
severe damage to the parenchyma from chronic infection and failure of any 
functional restoration later proved that nephrectomy would have been the procedure 
of choice in this instance. 



pig_ 14. — Stone in the left kidney in the case of young woman P 3'|’ 
roentgenogram of kidney, ureter and bladder. The condition was associate ^ ’ 
bilateral ptosis, marked kinking of ureters and advanced hydronephrosis 
left, with greatly impaired function. Pyelolithotomy and nephrope.xy were 
cessfully performed, and the function returned to normal. 
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PROBLEMS ASSOCIATED WITH BILATERAL RENAL CALCULI 

In figures 15 and 16 are shown successive stages of the formation of 
stones in a woman of 24. 

First of all a stone lodged in the left ureter. Attempts to encourage it to pass 
resulted in perforation of the left ureter with perirenal extravasation of infected 
urine. A culture of the blood was positive for Bacillus coli. Drainage was insti- 
tuted through a lumbar incision, and healing occurred after the stone had passed. 
After this episode a large stone blocked the right ureter. Several smaller stones 
were present in the right kidney. The right ureteral orifice was slit with ureteral 
scissors. This procedure was followed by a hemorrhage which filled the bladder 
with clots and necessitated instrumental evacuation. The stone in the right ureter 
passed, followed by the smaller ones above. There was marked infection in both 
kidneys, and every effort was made by diet, medication and frequent renal lavage 
to clear it up, but without success. During the next year a large stone formed in 
the left kidney. This was removed by nephrotomy, which was followed by use 
of a ureteral splint and drainage by means of nephrostomy. During operation 
hemorrhage from the nephrostomy wound was controlled by a tourniquet on the 
renal pedicle, consisting of a soft rubber no. 20 urethral catheter held by an 
assistant. I believe this method is far safer, and endangers the integrity of the 
kidney less, than the use of any kind of clamp. The operation was difficult owing 
to the presence of adhesions from the perirenal extravasation of a year before. 
The wound made by nephrotomy was closed by the ribbon gut method of Lowsley, 
which appears to be a distinct improvement over the old method of mattress sutures 
through the substance of the kidney. The infection in both kidneys cleared up 
promptly, and the function on both sides is now practically normal. 

An extreme example of bilateral calculus disease is illustrated in 
figure 17. 

The patient was a woman of 40 with large calculous p 3 'onephrosis associated 
with perinephric abscess on the left side. On the right side was a calculous 
pyonephrosis in the lower half of the right double kidney. The excretion of 
phenolsulfonphthalein was 40 per cent for two hours. The patient was emaciated 
and practically moribund. A nephrectomy on the left side was done in two 
stages. The first stage consisted of nephrostomy and drainage of the perinephric 
abscess. Two weeks later nephrectomj' was done. The patient improved remark- 
ably, and in the following j^ear her weight advanced from 84 to 170 pounds 
(38.1 to 77.1 Kg.). She now enjoj's good health, but still retains her calculous 
pyonephrosis in the lower half of her double right kidney'. The question now 
stands. Should a heminephrectomy be done on this remaining kidney or should 
discretion be allowed to dictate a hands-off policy? I have favored the latter 
alternative. 

In figure IS the findings in a woman of 36 are shown. 

On the right side was a congenital infantile kidney, not much larger than a golf 
ball, while the left kidney contained a large staghorn calculus and had undergone 
replacement fibrolipomatosis. Death occurred as a result of uremia plus sudden 
exacerbation of infection in this kidney with the formation of perinephritic abscess, 
generalized peritonitis and septicemia. 




Fig. 15. — Infection with Bacillus coli in both kidneys and formation of multi- 
ple stones. In A is shown a stone in the lower part of the left ureter and the 
extravasation of the pyelographic medium about the pelvis of the left kidney. 
Urinary extravasation and perinephric abscess occurred, necessitating lumbar 
drainage. The stone was removed cystoscopically. One month later a large 
stone was seen in the lower part of the right ureter (B) and multiple small calculi 
in the right kidney. This stone was removed cytoscopically and the small ones 
in the kidney passed spontaneously (fig. 16). A large calcified lymph gland is 
seen on the left near the spine. 



Fig. 16.— Large branching calculus in the left kidney in the case 
figure 15, one year later. The large calcified gland is shown ff* 

in a higher position than in figure 15. The calculus was removed y . P 
with Lowsley ribbon gut closure. The result was excellent. 


Fig. 17. — Extensive bilateral calculous disease : A, plain roentgenogram of 
kidney, ureter and bladder ; B, bilateral pyelcureterogram. On the right side 
is a double kidney with calculous pyonephrosis of the lower half ; on the left, 
complete destruction of the kidney by calculous pyonephrosis with a commu- 
nicating perinephric abscess at the upper pole beneath the diaphragm. The patient 
depended entirely on the upper half of the right double kidney for renal function; 
the excretion of phenolsulfonphthalein was 40 per cent in two hours. A two stage 
nephrectomy was performed on the left. The patient weighed 84 pounds (38.1 
Kg.) ; one year after the operation she weighed 170 pounds (77.1 Kg.). 



Fig. 18. — Hydronephrotic congenital infantile right kidney and left kidney 
devoid of function by calculous disease associated with chronic infection : A, 
plain roentgenogram of kidney, ureter and bladder; B, bilateral pyeloureterogram. 
There is also a perinephric abscess on the left side. The patient died of acute 
peritonitis, septicemia and uremia. 


.X' 
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PROBLEM OF C\STOSCOPIC MANIPULATION VERSUS OPERATION 
IN MANAGEMENT OF URETERAL STONE 

In figure 19 is shown a calculus in the upper part of the ureter which 
resisted repeated attempts to promote its passage by cystoscopic manipu- 
lation. 

Finally severe ureteral colic with chills and fever developed, demanding 
emergency treatment. The stone was pushed back into the renal pelvis with a 
ureteral catheter at cystoscopy. Four j^ears have passed since then without symp- 
toms, but the patient still has his stone tucked away in a minor calix, and he 
refuses operation. Early operation would have been better than resorting to so 
many attempts to secure passage of the stone by cystoscopic manipulation and 
would have saved the patient a substantial amount of time, disability and suffering. 



Fig. 19. — Calculus impacted in the upper part of the left ureter: A, plain 
roentgenogram of kidnej', ureter and bladder; B, excretion urogram. Repeated 
cystoscopic manipulations resulted in fever and chills associated with renal colic. 
The stone was then pushed back into the kidney by a ureteral catheter, where 
it still remains after four years. Early operation would have been the procedure 
of choice in this case. 

If a stone shows no tendency to pass after a reasonable amount of 
cystoscopic treatment, it should be removed surgically without further 
delay. Furthermore, the various types of metallic instruments, which 
when used judiciously in the lower third of the ureter will often remo^e 
calculi, should not be used in the upper ureter under any conditions. 
Figure 20 illustrates a case in which there was an attack of renal colic 
on the left side associated with what appeared to be a small stone m 
the pelvis and a moderate degree of hydronephrosis. 
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Nothing was done. The patient returned two and one-half years later with 
a second attack of renal colic. At this time a large hydronephrotic sac was found, 
requiring nephrectomy. 

Such a case indicates the necessity for thorough urologic study and 
close surveillance in cases of seemingl}^ minor pathologic conditions in 
order to prevent the eventual destruction of a kidney. 

GAS GANGRENE FOLLOWING OPERATION FOR STONES 

Fortunately gas gangrene following operation on the kidney for 
stone is extremely rare, but it may happen most unexpectedly. Figure 
21 illustrates a case in which it occurred. 



Fig. 20. — Moderate hydronephrosis (A) associated with what appears to be 
a small stone in the lower major calix. The patient refused treatment and came 
back two and one-half years later with renal colic and a large hydronephrotic 
sac (B) requiring nephrectomy. 


Prior to operation the patient suffered with a severe attack of pyelonephritis, 
and on passage of a large (8 F) ureteral catheter the pus was found too thick 
to drain through the catheter without diluting it with physiologic solution of 
sodium chloride. The catheter was left in place for a week and the renal pelvis 
frequently washed with antiseptics. When the patient’s temperature had been 
normal for several days and the infection was apparently pretty well cleared 
np, a pyelolithotomy was done and was followed bj' t}’pical gas gangrene of the 
wound. Fortunately it responded to anti-gas gangrene serum and tlie patient 
recovered. 
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Recent work has shown the efficacy of roentgen therapy and 
sulfanilamide in the treatment of gas gangrene, which may rob it of 
some of its terrors. 

HYPEKPARATHYKOIDISM WITH NEPHROLITHIASIS 

In a small percentage of cases hyperparathyroidism is the chief 
etiologic factor in the formation of renal calculi. This factor is of such 
importance that the calcium and phosphorus content of the blood should 
be determined as a routine part of every investigation involving urinary 
calculi. Figures 22 and 23 illustrate successive stages of formation of 
stone in such a case. 



Fig. 21. — Gas gangrene following pyelolitliotomy : A, plain roentgenogram 
of kidney, ureter and bladder; B, pyelogram. The kidney showed no function, 
and pus was so thick in the renal pelvis that it would not come through a 
catheter without dilution. An indwelling ureteral catheter was placed one week 
before pyelolithotomy. C, plain roentgenogram of kidney, ureter and bladder; 
D, pyelogram, three years later. The renal function had returned practically 
to normal, and no infection was present. 

The patient, a man aged 44, was first operated on for a stone blocking the 
lower part of the left ureter. Roentgenograms showed multiple calculi in boti 
kidneys, including the seedlike concretions in the parenchyma which are charac- 
teristic of this disease. After ureterolithotomy, the patient’s neck was explore , 
and a large parathyroid adenoma, weighing slightly more than 10 
removed. However, the calcium and phosphorus content of his blood did no 
return to normal as had been hoped. Subsequently, large stones blocke t e 
right ureter, and a second ureterolithotomy had to be done. Later a stone again 
blocked the left ureter, at the site of the original ureterolithotomy. Cystoscopi 




Fig. 22. — Hyperparathyroidism with bilateral nephrolithiasis. Multiple seed 
calculi are seen in the parenchyma of both kidneys. The impacted calculus in the 
lower part of the left ureter (A) required ureterolithotomy. Later a ureterolithot- 
omy on the right was necessary for two large calculi impacted in the right 
ureter (5). 



Fig. 23 . — Recurrence of two large calculi (A) in the lower part of the right 
ureter in the case illustrated in figure 22, a few months later. Perforation occurred 
followed by perinephric abscess, generalized peritonitis and death. Osteoporosis 
characteristic of hyperparathj'roidism is evident in the bones (A and B). After 
the first operation for stone, a paratl^'roid tumor weighing 10 Gm. was removed 
from the patient’s neck. The calcium and phosphorus content of the blood 
remained abnormal. Two more parathyroid adenomas were found at autopsy. 


232 


ARCHIVES OF SURGERY 


attempts to promote passage of the stones were unsuccessful, and the patient’s 
general condition rendered surgical intervention exceedingly precarious. The 
ureter was perforated by the stone (perhaps aided by eystoscopic manipulation), 
and the patient died. Autopsy revealed a perinephritic abscess and general 
peritonitis with abscess of the spleen, while further examination of the neck 
revealed one large and one small parathyroid adenoma, which had been missed 
when the first adenoma was removed. This accounted for the failure of the calcium 
and phosphorus content of the blood to return to normal. 



Fig. 24. — Large impacted stone in the right ureter, causing hydronephrosis. 
A, plain roentgenogram of kidney, ureter and bladder; B, pyeloureterogram. 
Ureterolithotomy on the right and appendectomy were performed at the same time 
through a McBurney incision. 


COINCIDENT URETEROLITHOTOMY AND APPENDECTOMY 


Figure 24 illustrates the case of a woman of 25, who had more or 
less discomfort for several years in the right lower quadrant of t e 
abdomen. 


During all this time it was taken for granted that she had chronic 
until urologic investigation revealed a large stone in the lo^yer part of ^ 
ureter. Since eystoscopic removal was obviously out of the question. 
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lithotomy through a lateral incision was done without delay. Through the same 
incision the peritoneum was opened and a normal appendix removed. The patient 
was convinced that her appendix was at fault, and there seemed to be no valid 
objection to combining the two operations. In figure 24 the kidney appears to be 
badly damaged, yet its functional restoration was perfect after removal of the 
stone. 

TOTAL DESTRUCTION OF ONE KIDNEY WITH CALCULOUS PYONE- 
PHROSIS : ANURIA AFFECTING THE NORMAL MATE 

Figures 25 and 26 illustrate the case of a woman 45 years of age who 
exhibited complete destruction of the right kidney by calculous pyone- 
phrosis. 

A complete urologic investigation showed the opposite kidney to be normal 
in every respect. Following cystoscopy, anuria occurred and could not be over- 
come by any of the usual means. A second cystoscopy was done, and a catheter 
could not be passed up the left ureter, although it had passed easily at the first 
cystoscopy. After six days of total anuria, pyelotomy was performed on the left. 
The pelvis and ureter were distended with urine which gushed forth freely. Retro- 
grade catheterization of the left ureter was done. The wound healed promptly, 
and normal urination was reestablished. The nature of the obstruction in the left 
ureter causing the anuria still remains a mystery. The patient would not submit 
to further treatment and was discharged from the hospital. In spite of the 
presence of a large calculous pyonephrosis she enjoyed fair health for four years. 
Severe pain then developed in her right side, with chills and fever, and she was 
persuaded to come back to the hospital, where nephrectomy was performed on the 
right, with a successful outcome. 

PROBLEMS OF STONE IN CONNECTION WITH RENAL 
TUBERCULOSIS 

Calcification is demonstrable by roentgenography in from 10 to 20 
per cent of cases of renal tuberculosis. However, the combination of 
stone and renal tuberculosis is comparatively uncommon. 

Figure 27 illustrates a case of renal tuberculosis associated with 
stone in the lower part of the ureter. 

The surgical problem was whether to do the usual nephrectomy or a 
nephroureterectomy. A simple nephrectomy was done, with an excellent result. 
The patient has been followed closely for five years since operation, and the 
stone in the stump of the tuberculous ureter has never caused the least trouble. 

Figure 28 illustrates a case of tuberculosis of the left kidney with 
stone in the pelvis of the right kidney. 

The patient, aged 30, had Potts’ disease as a child. Nine years previously 
I had performed bilateral epididj'mectomy for tuberculosis. Two years before 
he had had an active pulmonary lesion, which became quiescent after a year in an 
Arizona sanatorium. Since it was thought best to preserve the integrity of bis 
right kidney, pyelolithotom}' was done on the right. One year has passed since 
that operation, but so far, because the tuberculous left kidney is silent and he 
has no symptoms of disorder in the bladder, he has refused nephrectomy. 



Fig. 25. — Calculous pyonephrosis (right) and normal left kidney. The bilateral 
pyelogram (A) shows the stone in the right kidney, but the p}felographic medium 
fills only the lower part of the ureter, where an S-shaped strictured area is seen. 
The stricture probably resulted from complications associated with difficult labor. 
In B is shown a pyeloureterogram of the same kidney partially filled with 
sodium iodide. Nephrectomy on the right was planned, but after cystoscopy the 
patient had anuria for six days owing to blockage of unknown cause in the lower 
part of the left ureter. Pyelotomy on the left and retrograde catheterization of 
the left ureter overcame the anuria (fig. 26). 



Fig. 26. — Intravenous urogram in the case illustrated in figure 25, four > eat 
later. Note the deformity on the left resulting from the previous 
cure anuria. Nephrectomy was now performed on the right and t e 
calculous pyonephrosis removed. During the previous four years the pa len 
hpen free from symptoms, but she came for operation because of an . 

^in Sr the right side associated with chills and fever and acute permephnc 

involvement. 


Fig. 27. — Stone remaining in a tuberculous left ureter six years after 
nephrectomy for tuberculosis of the left kidney. The patient is well and free from 
symptoms. 



Fig. 28. — Plain roentgenogram of kidney, ureter and bladder in a case with old 
Pott’s disease, tuberculosis of the left kidney and calculus in the right renal pelvis. 
Pyelolithotomy was performed on the right. 
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CONFUSION OF EXTRARENAL SHADOWS, WITH RENAL STONE 

Usually no difficult}’’ is found in determining whether a given con- 
cretion is in the urinary tract or extraurinary, but occasionally special 
procedures are necessary to settle this point. The stereogram with 
ureteial catheter in place is often helpful, or a lateral exposure, as in 
the case illustrated in figure 29, will definitely determine this point. 

SPONTANEOUS DISAPPEARANCE OF LARGE RENAL CALCULUS 

The case illustrated in figures 30 and '31 is reported as a curiosity 
without any attempt at explanation. 



Fig. 29. — Renal colic on the right, associated with infected hydronephrosis; 
A, plain roentgenogram of kidney, ureter and bladder, showing the stone, which 
in the pyelogram (B) appears to be situated in the upper major calyx. The 
lateral view (C) proves that this is a gallstone because of its anterior position. 
A renal stone would be in the same plane as the spine. 


The patient, a man 48 years of age, came to the Southern Pacific Hospital 
suffering with renal colic. Urologic investigation revealed large bilateral renal 
calculi of the staghorn type associated with chronic pyelonephritis (fig- TO). 
Since function was most impaired on the right, a nephrolithotomy was done on that 
side. The patient was then sent home to recuperate, with instructions to return 
within a month for operation on the left kidney. He did not return for four 
years. Investigation then showed (fig. 31) that the large staghorn calculus in 
the left kidney had apparently disappeared spontaneously. His pyuria had likewise 
cleared up, and there was no evidence of recurrence on the right side. During these 




Fig. 30. — Bilateral renal calculi of the staghorn type: A, plain roentgeno- 
gram of kidney, ureter and bladder; B, bilateral pyelogram. Nephrolithotomy was 
performed on the right (fig. 31). 



Fig. 31. — A, plain roentgenogram of kidney, ureter and bladder; B, 
bilateral pyeloureterogram in the case illustrated in figure 30 four years after 
nephrolithotomy on the right. Note that the large staghorn calculus in the left 
kidnej’ has apparently disappeared spontaneous^’. 
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four years the patient had been under 
kind. On his own initiative he had for 
from horsetail grass.^ 


no dietary regimen or treatment of any 
one year drunk a daily cup of tea brewed 


CASE OF UNUSUALLY LARGE CALCULOUS PYONEPHROSIS 

In calculous pyonephrosis the kidney usually increases in size, but 
never in my personal experience has one assumed as extensive propor- 
tions as that shown in figure 32 . 

It will be noted that the diaphragm on the right side is markedly raised and 
that the shadow of the kidney extends from the ninth rib above to the pelvic 
brim below. The patient was a man, aged 52, who gave a history of occasional 
discomfort in his right side and periodic hematuria but engaged actively in 
business. He did not seek medical attention until struck in the back by an 



Fig. 32. — Unusually large calculous pyonephrosis: A, plain roentgenogram 
of kidney, ureter and bladder; B, pyelogram with incomplete filling. Note that 
the shadow of the kidney extends from the ninth rib above down to the pelvic 
brim. The patient was struck in the back by an automobile, and gross hemorrhage 
from this kidney resulted. An emergency nephrectomy was done to prevent 
fatal hemorrhage. 

automobile. The accident started gross hematuria, and an emergency nephrectomy 
was necessary to prevent fatal hemorrhage. 


SUMMARY 

A series of experiences are related dealing with some of the prob- 
lems encountered in the surgical treatment of renal calcuh. 

1 A communication from the Council on Pharmacy of the 
AssociaVion Relative to horsetail grass ascribed to it no therapeuUc value beyond 

mild diuretic action. 
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An hydraulic maneuver of value in the removal of the small, elusive 
renal calculus is described. 

The value of the ureteral splint and its use after pyelotomy and 
ureterotomy are described. 

Cases are cited illustrating (a) choice between nephrotomy, hemi- 
nephrectomy and nephrectomy, (Z>) problems in the management of 
bilateral calculi, (c) cystoscopic versus operative management of 
ureteral stone, (d) gas gangrene of the wound following operation for 
renal stone with comment on treatment by serum and roentgen rays, 
{e) hyperparathyroidism as an etiologic factor in the formation of 
renal calculi, (/) coincident ureterolithotomy and appendectomy, {g) 
calculous pyonephrosis with anuria involving the opposite normal kidney, 
(/z) phases of stone associated with renal tuberculosis, (z) extrarenal 
shadows confused with renal calculus, (/) spontaneous disappearance 
of large renal calculus and {k) calculous pyonephrosis of unusual 
proportions. 


450 Sutter Street. 



COMPLETE EXCISION OF THE CERVICAL GLANDS 
FOR REGIONAL METASTASES 

L. CLARENCE COHN, M.D. 

BALTIMORE 

Complete excision of the glands of the neck for malignant disease 
consists of excision of the submental lymphatic glands; unilateral exci- 
sion of the submaxillary lymphatic and salivary glands and of the 
occipital, the deep cervical, the paratracheal, the prelaryngeal, the 
superior anterior cervical, and the infrahyoid lymphatic glands, and 
resection of the sternocleidomastoid and the omohyoid muscle, and of 
the internal jugular vein (fig. 1). Descriptions of the operation by 
Crile and others ^ are in the literature. Each operator’s technic naturally 
is a little different, and, as others have noted, many complete block dis- 
sections of the glands of the neck are such in name only ; therefore, even 
at the risk of repetition, it seems well to describe mine. 

The position of the patient on the operating table is flat on the back with the 
neck extended. The incision in the skin extends from the mastoid process of the 
temporal bone to a point about 2.5 cm. below the angle of the lower jaw and from 
this point continues parallel to the jaw to a point on the opposite side below the 
mental foramen. A second incision, beginning at the middle of the clavicle, meets 
the horizontal incision at a point midway between the angle and the symphysis 
of the lower jaw (fig. 1). Three flaps are raised by continuing the incision 
through the platysma myoides muscle and undercutting. At this time it is well 
to ligate, preferably with fine black silk, the small vessels which have been pre- 
viously clamped. After the flaps composed of skin, subcutaneous fat and the 
platysma myoides muscle have been dissected back, the sternocleidomastoid muscle 

1. Crile, G. : Excision of Cancer of the Head and Neck with Special 
Reference to the Plan of Dissection Based on One Hundred and Thirty-Two 
Operations, J. A. M. A. 47:1780 (Dec. 1) 1906. Horsley, J. S.: Operations 
for Malignant Tumors of the Neck, Virginia M. Semi-Monthly 19:81, 1914. 
Quick, D. ; Radium and Surgery in Cancer of the Tongue, Brit. M. J. 2:944, 
1930. Birkett, G. E. : Radium Treatment of Buccal Carcinoma, ibid. 2:944, 1930. 
Fraser, J. : Carcinoma of the Mouth and Tongue, Tr. Am. S. A. 50:8, 1932.- 
Myers, E. S., and Duhig, J. V.: Surgery and Pathology of Cancer of the Head 
and Neck, J. Cancer Research Com., Univ. Sydney 5:30, 1933. Blair, V. P-, 
and Brown, J. B. : The Treatment of Cancerous or Potentially Cancerous Cerwcal 
Lymph Nodes, Ann. Surg. 98:650, 1933. Fischell, E.: Unilateral Block Resection 
of the Lymph Nodes of the Neck for Carcinoma, Am. J. Surg. 30:27, 1935. Quick, 

D • Metastatic Epidermoid Carcinoma of the Neck; Technical Considerations 
in the Combined Method of Treatment, ibid. 30:207, 1935. Crile, G., and Kearns, 

J E., Ir.: Branchial Carcinoma: Lateral Cervical Neoplasm, Surg., Gynec. a 
Obst.’60:703, 1935. 
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is divided a short distance above the clavicle, the external jugular vein first being 
divided and ligated. The division of the sternocleidomastoid muscle brings into 
view the omohyoid muscle, which is in turn divided at the level of the division of 
the sternocleidomastoid. The internal jugular vein is now visible and readily 
accessible. The sheath of the vein is divided, and a section of the vein 4 cm. in 
length is mobilized. A ligature of double zero chromic catgut is placed around 
the vein with an aneurysm needle. A second ligature, of fine black silk, is placed 
just above the catgut. Both ligatures are tied, and the vein is doubly clamped 
above the second tied ligature and divided between the clamps, the upper clamp 



Fig. 1. — Distribution of the superficial and the deep lymphatic glands of the 
neck. The interrupted lines indicate the incisions in the skin. 

being left in situ. I have always transfixed a third ligature to the distal stump of 
the %’ein, using a straight intestinal needle threaded with fine black silk (fig. 2). 

The common carotid artery is then exposed quickly by dividing the carotid 
sheath (fig. 3). The carotid sheath is stripped upward, the bifurcation of the 
carotid artery thus being brought into view. Rather than to attempt ligation of 
the branches of the e.xtcrnal carotid artery at this stage it is preferable to continue 
the excision along the anterior margin of the omohyoid muscle as far as the hyoid 
bone, clamping, dividing and ligating the superior thyroid vessels as they come 
into view, at the same time excising the lymphatic area anteriorly as far as tlie 
sternohyoid and the thyrohyoid muscle, removing the paratracheal, prelaryngeal, 
.superior anterior cervical and infrahyoid lymphatic glands. The omohyoid muscle 
is then excised near the hyoid bone. 
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^ Next is the excision of the submental lymphatic glands, and in order to make 
this complete it is well to expose the periosteum of the lower jaw and to carry 
the excision of glands to tlie capsule of the svbmaxtUary salivary gland on the 
opposite side. When the primary carcinoma is situated on the anterior third or 
the tip of the tongue or on the lower lip, it is well to study a frozen section of 
the lymphatic gland between the opposite submaxillary gland and the jaw, as 
metastasis to this gland indicates bilateral involvement. The endothenn needle 



Fig. 2. — Mobilization, ligation and division of the left internal jugular vein in 
the lower third of the neck. 



Fig. 3, — Ligation and division of the internal jugular vein completed. 


may be used for the greater part of the dissection and especially for excising the 
submental glands and for the dissection along the lower jaw. _ 

The facial vein and the external maxillary artery are ligated and divided, ana 
bv retraction on the mylohyoid muscle the submaxillary salivary and the subhngua 
glands are readily excised up to the mucous membrane of the floor of the mou • 
The submental and the submaxillary glands are gently stated posterior j. 
bifurcation of the carotid artery being thus again exposed. The branches of he 
external carotid artery are divided between clamps and ligated. When the prn < . 
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carcinoma involves the base or middle third of the tongue, the lymphatic glands 
near the bifurcation of the carotid artery are sometimes extensively involved and 
adherent to the carotid sheath. Even so, it is rarely necessary to ligate the 
external carotid artery. To facilitate the excision of this deep group of cervical 
glands it is often advisable to excise or divide the posterior belly of the digastric 
muscle. 

The next procedure is the ligation and division of the artery and the vein 
to the parotid gland and the division of the sternocleidomastoid muscle near the 
mastoid process. The upper deep cervical and the occipital glands are then acces- 
sible and are removed up to the base of the skull. The internal jugular vein is 
clamped and ligated a short distance below the jugular foramen. It is usually 
safer to use an electric cautery in excising the occipital and the superior cervical 



Fig. 4. — Wound after the complete block dissection of the cervical glands, 
showing the c.xtent of the surgical excision. 

glands if they appear grossly involved. The excision of glands is continued dis- 
tally from this point, and the deep cervical glands behind the excised internal 
jugular vein are included in the excision. At this time procaine hydrochloride 
is injected into the neural branches to the scalenus muscles and the levator 
scapulae muscle, and the supraclavicular glands (median and lateral inferior deep 
cervical) arc excised to the junction of the internal jugular and the subclavian 
vein and posteriorly and laterally to the scalenus muscles (fig. 4). The clamps 
controlling the small bleeding points arc quickly ligated; sometimes a triangular 
area of skin is excised where the two incisions meet, and the wound is rapidly 
closed to within 2 cm. of the clavicle by approximating the skin with interrupted 
sutures of fine black silk. Although there is considerable scrosanguincous 
drainage for about twenty-four hours, primary healing occurs almost without 
exception (fig. 5). 
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The credit for the conception of the mechanism of the surgical patho- 
logic anatomy of cervical glands which are the seat of metastases from 
carcinoma of the head and neck belongs to Crile. Disregarding con- 
ventional methods of incomplete excision of the cervical glands for 
carcinoma, he conceived, employed and established on a rational basis 
the surgical excision of these glands. Applying the knowledge of 
Halsted s method of axillary dissection to the excision of the cervical 
glands in 1898, only four years after Halsted's first description of his 
operation, he reported in 1906 the results of 36 radical block dissections 
of the cervical glands. Crile did more than apply Halsted’s method to 
the neck. He recognized that the sine qua non, or, as he expressed it, 
the key to the situation,” is the complete excision of the internal 
jugular vein. 



Fig. 5. — Photograph of a patient taken June 7, 1935, two years and seven 
months after complete excision of the cervical glands. The patient was well 
Sept. 11, 1937, four years and ten months after the operation. The primary lesion 
was a carcinoma of the tip of the tongue. 


Judging from the relatively small number of papers on this subject 
during the thirty-one years since Crile’s contribution and from personal 
observation and conversation with colleagues, I believe that there is a 
lack of enthusiasm for the operation on the part of physicians except 
among the small number particularly interested in this domain. In the 
succeeding pages facts will be presented in the hope of proving that this 
skepticism is not entirely warranted. Even among the workers in this 
field there is a difference of opinion as to whether the operation shou d 
be done as a routine whenever the primary lesion is malignant or on ) 
after evidence of metastases. It has been my practice to subject to t ns 
operation only patients in whom there was definite metastasis or pre- 
sumptive evidence of metastasis confirmed by a study of a frozen section 
at the beginning of the complete excision. 
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The etiologic factors, the methods of prevention and early recognition 
and tlie treatment of the original tumor, although of prime importance, 
are not considered in this study. Also excluded from consideration are 
cases in which the operation was of less extent and those in which there 
was a block resection of the tongue, the floor of the mouth, the lower jaw 
and the glands of the neck in one stage, because the problems involved 
are somewhat different. A restricted operation on the cervical glands is 
often adequate for carcinoma of the lower lip. On the other hand, in 
cases of advanced carcinoma of the tongue the floor of the mouth and 
mucous membrane of the lower jaw or the jaw itself as well as the 
regional lymphatic glands may be involved. The additional extent of 
the involvement and the lowered resistance of the patient in such cases 
carry a larger operative mortality. There is, moreover, a much higher 

Table 1. — Metastatic Carcinoma of the Cervical Glands: Diagnosis 
of the Primary Lesion 


No. of Cases 


Carcinoma of the tongue 1C 

Carcinoma of the mucous membrane of the cheek 3 

Carcinoma of the lower lip 3 

Carcinoma of the mucous membrane of the lower jaw 1 

Carcinoma of the mucous membrane of the antrum of the upper jaw 1 

Oarclnomn of the brachial cleft 3 

Malignant pigmented mole 3 

Carcinoma In lateral aberrant thyroid tissue 1 


percentage of recurrence during the immediately succeeding and later 
years. I have largely given up this radical operation in cases in which 
the condition is advanced. 

This study is confined to the consideration of cases of operable 
carcinoma in which there was secondary involvement of the cervical 
glands by metastases from a primary lesion located in the region of these 
glands. There were 31 cases, in all of which I operated between the 
years 1925 and 1937. In each instance one or more of the glands were 
palpable at the examination before the operation and the presence of 
cancer confirmed in the microscopic sections later. In table 1 are noted 
the diagnoses of the primary tumor in the 31 cases. Carcinoma of the 
tongue was present in approximately 50 per cent ; carcinoma of the 
mucous membrane of the cheek, carcinoma of the lower lip, carcinoma 
of the branchial cleft and malignant pigmented moles, 10 per cent in each, 
and carcinoma of the mucous membrane of the antrum, carcinoma of 
the mucous membrane of the lower jaw or carcinoma in lateral aberrant 
thyroid tissue, in the remaining 10 per cent. No patient with regional 
metastasis from carcinoma of the larynx is recorded in this table, because 
such patients have not been considered suitable subjects for the operation 
in question. 
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The operath^e mortality in this series of 31 cases was approximately 
0 per cent. Of the 3 deaths, 2 were from pneumonia, lobar pneumonia 
on the seventh day and bronchopneumonia on the ninth day; and 1 
patient died at the end of twenty-four hours with symptoms suggesting 
embolism. This operative mortality of 10 per cent is far too high, and it 
can, I am confident, be materially reduced. In 21 of the 31 cases the 
operation was performed with local anesthesia (procaine hydrochloride), 
and in these 21 cases the operative mortality was nil. Three of the 
10 patients given general anesthesia died, a mortality of 33.3 per cent 
among these patients. After the first death from bronchopneumonia, 
on the ninth day after ether drop anesthesia, in January 1926, general 
anesthesia was not used for more than four years. In August 1930 an 
operation was performed with avertiii anesthesia, and death occurred in 
twenty-four hours with s3'mptoms suggesting embolism. In June 1933, 
after anesthesia induced with avertin and ether given b}’^ rectum, bron- 
chopneumonia developed, and the patient died of this disease in one 
week. Since that time (June 1933), the operations have been done with 
local anesthesia. I am convinced in view of this record that operations 
with general anesthesia involve too large a mortality to be risked, and 
without hesitation I recommend that the operation be done with local 
anesthesia if it is at all possible. The time required for this operation 
is about three hours, and general anesthesia for this length of time, in 
conjunction with this type of surgical intervention, contributes materially 
to postoperative complications. 

After the 3 cases of postoperative death are deducted, there remain 
28 cases in which the end results ma}' be considered. Of the 16 cases 
in which the glands were the seat of metastatic carcinoma primary in the 
tongue, 13 fell within this 28. The primary tumor was located at the tip 
or along the lateral margin of the tongue in 1 3 cases and at the base in 3. 
In 12 of the 13 cases the tumor histologically was a low grade spinal cell 
carcinoma with marked differentiation toward adult epithelium and con- 
tained many pearly bodies (fig. 6). In 1 case the sections and tissue 
have been lost. In the 3 cases in which the primary carcinoma was at 
the base of the tongue the tumor histologically was a highly malignant 
undifferentiated transitional cell carcinoma without formation of pearly 
bodies. Of the 13 patients who survived the operation, 8 (61 per cent) 
have been alive and well for periods varying from a few months to 
almost eleven years (table 2). Only 1 of these 8 had the primary car- 


cinoma on the base of the tongue (fig. 7). 

Each of the 3 metastatic carcinomas of the cervical glands primary in 
the mucous membrane of the cheek histologically was a low grade vj 
differentiated spinal cell carcinoma with formation of pearly bodies. 

3 patients remained well more than five years. Two of 
well ten and a half and six years respectively after operation. 
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Fig. 6. — Low power photomicrograph of a cervical 13’mphatic gland, showing 
low grade spinal cell carcinoma with man\- pearh- bodies. The complete excision 
of the cervical glands took place on Xov. 9, 1926. The patient was well Juh' 10, 
1937. The primarj- carcinoma involved the lateral margin of the middle third 
of the tongue. 
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Fig. 7. — Low power photomicrograph of a cervical lymphatic gland, showing 
transitional cell carcinoma which characteristically occurs at the base of the 
tongue. In the case here illustrated there were two courses of preoperative 
irradiation follow'ed by the complete excision of the cervical glands on Oct. 3, 
1935. The patient was well on June 16, 1937. 










COHN—EXCISION OF CERVICAL GLANDS 249 

eight years and five months after operation, and the autopsy revealed no 
evidence of recurrence or metastases (fig- 8; table 3). The complete 
operation was performed only 3 times for carcinoma primary in the 
lower lip. Two of the patients died of cancer within a few months of 
the operation. In 1 case, in which the histologic grading was III, 
involvement of the pharynx was found at operation, and in the other, 
in which the histologic grading was IV, the lowest supraclavicular gland 
was the seat of metastasis. The third patient is well and free from. 


Table 2. — Metastatic Carcinoma of flic Cervical Glands from Carcinoma, 
of the Tongue (16 Cases) 


Xo. of Cases 

Fostoperativo death ^ 

Death of cancer 

Duration of life after excision of glands; 4 mo., » mo., < mo., 1 yr. 3 mo. 


Death of pneumonia 4 days after excision of cancer of the tongue 1 

(Cervical glands excised by previous operation) 

Patients living and tvell July 15, 1937 8 

Duration of life since excision of glands; 

Under 1 yr 1 

2 to 3 yr 4 

4 to 5 yr 1 

“ to S yr 1 

n to 12 yr 1 


Table 3. — Metastatic Carcinoma of the Cervical Glands from Carcinoma of the 
Mucous Membrane of the Cheek (3 Cases) 


No. of Cases 


Patient living and well 1014 yr. after operation 1 

Patient living and ■well G yr. after operation 1 

Death S yr. and 5 mo. after operation; autopsy revealed no evidenee of cancer 1 


Table 4. — il/cfayfafi‘c Corcbioma of the Cervical Glands from Carcinoma of the 

Lozi’cr Lip (3 Cases) 


No, of Cases 


Death of cancer ■within a few months after operation 2 

Patient living and ■well 3 yr. after excision of glands 1 


recurrence three years after operation, even though the glands were 
extensively involved by metastases, and in spite of the fact that there 
had been a previous incomplete operation on the neck in another clinic- 
Histologically this tumor was graded II (table 4). 

There was 1 case of carcinoma primary in the mucous membrane of 
the antrum of the upper jaw and 1 of carcinoma primary in the mucous 
membrane of the lower jaw. Histologically these tumors were graded II 
and III respectively. Both patients died of cancer within six months 
of the operation. Likewise in the 3 cases of carcinoma primary in the 





Fig. 8. — Low power photomicrograph of a cervical Lymphatic gland, showing 
low grade spinal cell carcinoma. Complete excision of the cervical glands was 
done on Dec. 4, 1928. The patient died on Maj' 9, 1937. The autopsy revealed 
no evidence of carcinoma. The primary carcinoma involved the mucous mem- 
brane of the cheek. 
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branchial cleft and in the 3 cases of mctastases to cervical glands from 
malignant pigmented moles the termination was fatal (figs. 9 and 10). 
The histologic grading in the 3 cases of carcinoma of the branchial cleft 
was III, IV and IV, respectively (fig. 11). Tables 5 and 6 give the 
duration of life after operation. There is 1 patient living and well two 
years and eight months after the complete excision of the cervical glands 
for metastatic carcinoma primary in lateral aberrant thyroid tissue 
(figs. 12 and 13). 



Fig. 9. — Photograph of a patient who had a malignant pigmented mole of the 
skin of the neck with extensive metastasis to the cervical glands. Preoperative 
interstitial radium therapy was given. Complete excision of the mole and 
the cervical glands was done on Jan. 6, 1933. The patient died on Oct. 30, 1933, 
from metastasis. 


Table S. — Metastatic Carcinoma of the Cervical Glands from Carcinoma of the 

Branchial Cleft (3 Cases) 


Death o£ cancer 7 mo. alter operation 
Death ot cancer 1 yr. 2 mo. alter operation 
Death ot cancer 3 mo. after operation 


Table 6. — Metastatic Carcinoma of the Cervical Glands from a Malignant 
Pigmented Mole (3 Cases) 


Death of cancer 2 yr. 2 mo. after operation 
Death of cancer 1 yr. 4 mo. after operation 
Death of cancer 10 mo. after operation 


Just what part irradiation ultimately will take in the handling of 
these cases is difficult to establish at this time. In table 8 is a summary 
of the irradiation therapy employed in this series. From the study of 
this relatively small group of cases in which the primary lesion and 
consequently the metastatic glands represent a number of different patho- 
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pj„ 10— Low power photomicrograph of a cervical 
of me^asLs^r'om^ a malignant pigmented 

operative external roentgen irradiation p^e patient died in 

tumor and the cervical glands was done on Jan. 5, 19^.5. P 

Mav. 1934, of metastasis to the brain. 
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Table 7. — Metastatic Carcinoma of the Cervical Glands 


Primary lesion in the mucous membrane of the upper jaw.. 
Death of cancer 4 mo. after operation 

Primary lesion in the mucous membrane of the lower jaw 

Death of cancer a few months after operation 

Primary lesion carcinoma in lateral aberrant thyroid tissue 
Patient well 2 yr. 8 mo. after operation 


No. of Cases 
1 

1 

1 


Table 8. — Metastatic Carcinoma of the Cervical Glands: Therapy by Irradiation 


No. of Cases 

A. Primary lesion in the tongue— 10 cases 


Preoperativo irradiation (roentgen) of the cervical glands 8 

Well 1 to 2)6 yr. attar operation 4 

Death of cancer 2 

(0 mo. after operation; l yr. 3 mo. after operation) 

Postoperative death 2 

Postoperative irradiation (roentgen) of the cervical glands 2 

Well 7% yr. after operation 1 

Death 3% mo. after operation 1 

Postoperative irradiation (radium) of the cervical gland on the opposite side 1 
(Patient well 4 yr. 10 mo. after operation) 

No irradiation o 

Patient well 2 

(11 yr. 0 mo. after operation; 2)^ mo. after operation) 

Death 3 

(7 days after operation of pneumonia; 5 days after excision of cancer 
of the tongue, of pneumonia; 7 months after operation, of caneer) 

B. Primary lesion in the mucous membrane of the cheek— 3 cases 

No irradiation 

Patient well 2 

(S yr. 9 mo. after operation; 6 yr. after operation) 

Death 1 


(8 yr. 5 mo. after operation; autopsy revealed no evidence of recur- 
rence or metastasis) 

C. Primary lesion in the lower lip— 3 cases 

Preoperativo irradiation (roentgen) 

(Patient well 3 yr. after operation) 

No irradiation 

(Death a few months after operation; death 4 mo. after operation) 

D. Primary lesion in the branchial cleft— 3 cases 

Preoperative irradiation (roentgen) 

(Death 4 mo. after operation) 

No irradiation 

(Death 1 yr. 5 mo. after operation; death 7 mo. after operation) 

E. Primary lesion malignant pigmented mole— 3 cases 

Preoperativo irradiation (radium) 

(Death 9 mo. after operation; death 1 yr. 4 mo. after operation) 

Postoperative irradiation (roentgen) 

(Death 2 yr. 2 mo. after operation) 

P. Primary lesion in other locations— 3 cases 

Primary lesion in the mucous membrane of the upper jaw 

No irradiation 

(Death 4 mo. after operation) 

Primary lesion in the mucous membrane of the lower jaw 

Postoperative irradiation (roentgen) 

(Death a few months after operation) 

Primary lesion carcinoma in lateral aberrant thyroid tissue 

Preoperative irradiation (radium) 

(Patient living and well 2 yr. 8 mo. after operation) 


COHN— EXCISION OF CERVICAL GLANDS 


255 


logic processes, onty a few conclusions seem justified. While it is 
impossible without producing irreparable damage to deliver by external 
irradiation a lethal dose of roentgen rays or radium to any but a very 
ray-sensitive tumor, there seems to be no danger in delaying the opera- 
tion for a course of preoperative irradiation when the glands are not 
palpable, or for the purpose of testing the sensitivit}"- of the tumor to rays 
when they are palpable. In 13 instances, because of metastases or 
because the microscopic picture was such as to suggest the probability of 
metastases, the glands were irradiated and then excised or excised later 
when the}' became palpable. 



Fig. 12. Photograph of a patient on Nov. 5, 1934, showing a tumor in 
the submaxillary area of the neck. The scar on the lower lip is from the 
excision of a benign wart fifteen years before. There was preoperative radium 
treatment. The cervical glands were completely excised on Nov. 22, 1934. The 
patient was well on July 9, 1937. For the microscopic appearance of the tumor, 
see figure 13. 

Occasionally after irradiation there was a diminution in the size of 
the palpable gland or glands, but in only 2 instances was there complete 
disappearance of a metastatic cervical gland under irradiation, and in 1 
of these there was no conclusive evidence that the gland was actually 
cancer. In the other a gland that was the seat of metastasis from car- 
cinoma of the base of the tongue disappeared completely after a course 
of external irradiation but recurred in six months. A second course of 
irradiation was given without any change in the size of the gland, and 
after the second course of irradiation the glands were completely excised 
(%■ 7). In the former, a case in which there was no preoperative 
irradiation, a nodule developed over the right side of the larynx four 
months after a complete operation on the left side. In a few days this 
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Fig. 13. — Low power photomicrograph of a cervical lymphatic gland, show- 
ing papillary adenocarcinoma primary in lateral aberrant thyroid tissue. Figure 
12 shows a photograph of the patient before operation. 


*1 V 
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Fig. 14. — Low power photomicrograph of the capsule of a cervical lymphatic 
gland, showing residual carcinoma. There were two courses of preoperative 
roentgen irradiation. The cervical glands were completely excised on Jan. 3, 
1935. The patient was well on April 5, 1937. The primary carcinoma involved 
the middle third of the tongue. 
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nodule reached 2.5 cm. in diameter and appeared as though it were going 
to burst. Two radon seeds ‘were introduced into the mass, after which 
the lesion, apparently carcinoma, rapidly disappeared and has not 
recurred during the four 3 'ears and four months since the irradiation 
(fig. 5). 

In some instances there were distinct changes in the microscopic 
pathologic condition of the glands in cases of low grade well differ- 
entiated carcinoma with pearly bodies, which in all likelihood were due 
to the irradiation. Granting that cervical glands that are sites of 
metastases from carcinoma of the tongue sometimes undergo extensive 
necrosis and cystic degeneration, I have never observed in the non- 
irradiated gland the changes which occurred after irradiation in 1 of 
these cases. In this instance the gland resembled an atheromatous cyst, 
with a capsule like the wall of a cyst and with contents soft and cheese- 
like. The only evidence of residual carcinoma histologically consisted 
of a few nests of squamous cells firml}'^ confined in a much thickened 
capsule, although the cystic mass was about 4 cm. in diameter (fig. 14). 

CONCLUSION 

. Enough time has elapsed since operation in a sufficient number of 
cases to allow the statement that manj'^ patients who had carcinoma of 
the cervical glands are now well. Had they not been subjected to the 
complete excision of these glands, with or without irradiation, they 
would not be living and free from recurrence. This fact is ample evi- 
dence to warrant the conclusion that this type of surgical intervention, 
alone or combined with irradiation, offers sufficient hope for the cure of 
patients with regional metastases from carcinoma in the cervical glands 
to justify its adoption in all cases in which the condition is operable. 



PSEUDOULCERS OF THE DUODENUM OF 
THE NORMAL DOG 


INCLUDING A STUDY OF THE INCIDENCE OF INTESTINAL 
ULCERS IN THE NORMAL DOG 

ITALO F. VOLINI, M.D. 

H. L. WIDENHORN, M.D. 

AND 

H. DE FEO, M.D. 

CHICAGO 

Considerable work has been done on tlie production of ulcers in 
the intestinal tract of the dog. The incidence of experimentally pro- 
duced ulcers varies with the type of operative procedure employed. The 
Exalto and the Mann Williamson technic give the highest percentages 
of positive results. A detailed description of these methods was given 
in a previous report. The relative immunity of the duodenum to forma- 
tion of ulcer by experimental methods is therein commented on. 

The existence of ulcers in the gastrointestinal tract of the normal 
laboratory animal which has not been operated on is of rare occurrence ; 
no particular attention is called to this in the literature. We determined, 
therefore, to make observations of the entire gastrointestinal tracts of 
apparently normal dogs and to determine the incidence of intestinal 
ulcers in these animals. 

We have recently reported work from this laboratory on the pro- 
duction of experimental duodenal ulcers in the dog and have called 
attention to the occurrence of circular punched-out depressions in the 
duodenum, which at first glance appear to be ulcers. It seems that 
little or no attention has been paid to these findings by the various 
investigators doing experimental work with the gastrointestinal tract 
of the dog. This is noteworthy because such depressions may easily 
on gross inspection be erroneously diagnosed and may have been mis- 
taken for ulcers by workers in this field. 

It is not our object to go into elaborate detail as to the normal 
anatomic and histologic picture of the duodenum of the dog. Our 
attention was confined to these ulcer-like depressions which are espe- 
cially abundant in the duodenum and which are apparently a usual 
finding. We wished also to determine the incidence of ulcer in the 
intestinal tract of the normal dog which has not undergone an opera- 

From the Department of Medicine and the Department of Surgical Research, 
Loyola University School of Medicine. 
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tion. There is no reference in the clinical literature ^ (so far as it has 
been available to us) to these pseudoulcerous depressions. 

Chauveau and more recently Bradley ^ in their descriptions of the 
duodenum of the dog made no mention of such depressions. Sisson ® 
in his book ‘ The Anatomy of Domestic Animals,” in describing the 
intestinal tract of the dog, stated: 

Aggregated lymph nodules or Peyer’s Patches are numerous (about 20 in 
number in young subjects) and begin in the duodenum. They are usually elliptical 
in outline and the last one is band-like and reaches the end of the ileum and is 
four to sixteen inches long. 

In describing the histologic picture of the intestinal tract of man, 
Jordan stated ; 

Above the level of the ileum the largest collection of lymph tissue in the 
intestinal mucosa occurs in the duodenum where there are extensive infiltrations 
of dense lymphoid tissue, many of which contain typical nodules with germinal 
centers. These masses of lymphoid tissue are penetrated by the ducts of duodenal 
glands whose secretion forms a bed upon which the lymphoid tissue rests. The 
duodenal “patches” differ slightly from those in the ileum in that they form a more 
confluent mass with relatively few nodules. They also possess a more diffuse 
character, are more deeply situated and are therefore covered by the corium of 
the mucosa which contains both intestinal glands and villi. 


MATERIALS AND METHODS 

The animals used in this study were taken from among those used 
in the department of physiology for experimental purposes. They had 
not been subjected to any type of experimentation that might in any 
manner affect the gastrointestinal tract. They were taken at random, 
irrespective of age, weight or breed; only those animals that appeared 
healthy, however, were used. These animals were killed and the entire 
gastrointestinal tract was removed and was examined as follows: 

1. Observation of the entire gastrointestinal tract in situ was made. 

2. The entire tract was opened and the gross appearance and internal structure 
observed with the following points especially in mind: 

a. Number, size, location and appearance of ulcers, if any; 

b. Number, size, location and appearance of depressions, or pseudoulcers. 


1. Ochsner, A. J. : Further Observations on the Anatomy of Duodenum, 
Am. J. M. Sc. 132:1, 1906. 

la. Chauveau, A. : Comparative Anatomy of the Domesticated Animals, Lon- 
don, J. & A. Churchill, 1891. 

2. Bradley, O. C. : Topographical Anatomy of the Dog, New YorK, 

Macmillan Company, 1935. _ , t, c riprc 

3. Sisson, S. : Anatomy of Domestic Animals, Philadelphia, W. B. Saun 

4. Jordan, H. E.: Textbook of Histology, ed. 6, New York, D. Appleton- 
Century Company, Inc., 1934. 
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3. Photographs of the depressions in the gross specimen were taken. Micro- 
scopic sections of the depressions were also made. 

4. Photographs of the gross specimen and microscopic sections of the Peyer 
patches in the ileum were made. 

ANATOMIC FINDINGS 

We have examined the entire gastrointestinal tracts of over 75 dogs 
without finding evidence of ulcers in any. The animals were all appar- 
ently healthy except that 10 had worms. Only 55 of the dogs, however, 
have been considered in this study. The type record for findings with 
data is shown below : 

Date 4/22/37 

Dog 10 Breed — Collie Wt. — 18 Kg. Se.x — Female 

Appearance — Healtliy; slight conjunctivitis 
Miscellaneous information — Killed with ether 
Stomach — No ulcers 
Duodenum : 

Gross external appearance — Nine raised circular pale patches measuring 3 
to 12 mm. in diameter, along the antimesenteric border 
Gross internal appearance — Depressed area corresponding to those seen 
externally, arranged in linear alinement 
Depressed areas — Total number, 9; size, 3 to 10 mm. in diameter; location, 
antimesenteric border mostly; appearance, circular; punched-out; rolled 
edges ; base covered with normal mucosa 
Ulcers — Total number, none; size, none; location, none; description, none 
Jejunum 

Depressed areas — Total number, 2; size, 2 to 4 mm. in diameter; location 
proximal 

Antimesenteric border — Circular; punched-out; covered with normal mucosa 
Ulcers — None 
Ileum 

Depressions — None 
Ulcers— None 
Colon 

Depressions — None 
Ulcers— None 

Microscopic Section — Depression in mid-duodenum; section made; stained with 
hematoxylin and eosin 

For the 55 animals studied there was no evidence of ulcers in the 
stomach, the duodenum or the small or the large intestine. There were 
noted, however, in the duodenum, circular punched-out depressions along 
the mucosal surface, measuring from 3 to 15 mm. in diameter and 
varying in number from three to ten. These depressions corresponded 
for the most part with similar raised circular areas seen on the serosal 
surface of the duodenum, which were paler than the surrounding 
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mucosa. The bile and pancreatic ducts usually opened into the duodenum 
about ^ to inches (2 to 4 cm.) from the pylorus. 

^ These depressions were entirely confined to the duodenum ; in young 
animals, however, they were also seen in the proximal part of the 
jejunum. In 1 subject about 6 weeks old the depressions in the duode- 



F'S- !• — Photograph of the duodenum of a normal dog. Note the circular 
punched-out depressions in linear arrangement. These closely resemble ulcers. 



the absence of the crypts of Lieberkiihn. There is some lymphocytic infiltration o 
the submucosa and the tunica propria. Note the tendency toward reduplication 
of the muscularis mucosae and the submucosa at the peripher3’^ of the depression. 


num were numerous and were present even down to the proximal part 
of the ileum. The depressions gradually became more shallow from the 
duodenum to the ileum, until they became raised above the mucosal sur 
face as true Peyer patches, as seen in the lower portion of the ileum. 
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These depressions as they were seen grossly along the mucosal 
surface of the duodenum appeared much like punched-out ulcers, 
but on close inspection it was noted that the edges were not undermined 
but were rather rolled and smooth and that the base and the entire surface 
were covered with normal intact mucosa. The depressions did not 
correspond to the valvulae conniventes seen in the human duodenum ; 



Fig. 3. — Section through the lower part of the duodenum, showing another 
depression. This does not show the marked thinness of the mucosa at the site 
of the depression as does figure 2. It does, however, show the out-pouching of 
the serosa at this site and also the reduplication of the muscularis mucosae and 
the submucosa at the periphery of the depression. Note also the three small 
areas of lymphocytic aggregation in the submuposa. 



Fig. 4. — Lower third of the ileum of a normal dog, showing typical Peyer 
patches. Compare this with figure I, which shows depressions of the duodenum. 

in fact, true valvulae conniventes were not observed at all in the dog. 
Five per cent of the duodenums showed smooth mucosa grossly. The 
depressions were present in 50 of the 55 dogs considered or 90.8 
per cent. 

Figure 1 is a photograph showing the duodenal mucosa of a normal 
animal which has not been operated on. Note the punched-out depres- 
sions in linear arrangement. At first glance they appear to be ulcers. 
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f ^ ^ photomicrograph of a section through one 

of these depressions, stained with hematoxylin and eosin. This section 
IS taken through the upper third of the duodenum and shows the thick- 
ness of the wall and the absence of Brunner glands at this particular 



Fig. 5. — A, section through a Peyer patch removed from the lower part of the 
ileum of a normal dog. Note the presence of the lymph nodules with typical 
germinal centers, the uniform thickness of the mucosa throughout and the pro- 
jection of the mucosa at this site into the lumen of the bowel. B, another section 
through a Peyer patch removed from the lower part of the ileum of a norma 
dog. Compare with figure SA above. 
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level. Brunner glands in the duodenum of the dog are present onl}^ 
for a very short distance from the pylorus. The mucosa in this region 
is intact throughout the entire section despite the definite depression. 
The depression is due to a thinning out of the mucosa at this site. The 
crypts of Lieberkuhn beneath the depression are shallow or appear to 
be lacking entirely. The submucosa and the corium of the tunica 
propria showed some lymphocytic infiltration, with a few small nodules. 
The lymphocytic infiltration is not dense or diffuse like that seen in 
a typical Peyer patch. There is in this section a tendency for reduplica- 
tion of the submucosa and the muscularis mucosae, but the muscular 
a\rd serosal coats are not disturbed. 

Figure 3 shows a section through a depression removed from the 
duodenum of another animal, taken through the lower thii'd. This 
section is practically identical with the one seen in figure 1. In this 



Fig. 6. — Microscopic section through an ulcer from the middle third of the 
duodenum. Note the absence of Brunner glands at this level. 


section, however, the depression and reduplication are more marked, 
and there is a definite out-pouching of the serosal coat. It is to be noted 
that although there is some lymphocytic aggregation it does not seem 
to be very marked. Many sections revealed absence of any form of 
lymphocytic cell accumulation. We should say, however, that these 
^eas may correspond to, but are not identical with, the Peyer patches. 
_ le depressions certainly do not show marked lymphocytic aggregation 
in tie mucosa and submucosa with eversion of the mucosa and projec- 
tion of the path” into the lumen of the bowel, as does a typical Peyer 
patch. 

Fi^re 4 is a gross photograph of a typical Peyer patch, removed 
1 ? ileurn for comparison. The elevated character of the agniinated 

ymp atic follicles of the Pe}'^er patch is readily appreciated. 

n gure 5 the microscopic picture of the Peyer patch illustrates 
projection into the intestinal lumen, with rich accumulation of lymphatic 
cells about the germinal centers. 



Fig. 7. — Section through the upper part of a normal duodenum close to 
the pylorus. Note the thickness of the wall, the presence of Brunner glands at 
this site and the rather scant evidence of lymphocytes. 



pig_ 8. — Gross photograph showing ulcers in the duodenum, experimentallj 
p: 
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Figure 6 shows a duodenal ulcer in microscopic section produced 
by an operative pi'ocedure mentioned elsewhere.® Figure 7 shows a 
microscopic section of normal duodenum close to the pylorus. Note the 
presence of Brunner’s glands at this site and the rather scant evidence 
of lymphocytes. 

COMMENT 

The depressions mentioned were present in most of the animals 
examined. They were not localized ai'eas of peristalsis, as they might 
first appear when seen on the serosal surface in the living animal. 
They were due to a definite out-pouching of the intestinal wall at the 
site, with a thinning of the mucosa. It is possible, as we have already 
mentioned,® that such areas may be the site of ulcer formation (experi- 
mental) in the duodenum. This, however, we have not been able to 
prove. 

We call attention to this observation because it might prove confusing 
to one doing experimental work on the gastrointestinal tract. This indi- 
cates necessity for microscopic section in the study of suspicious areas 
before one can definitely determine whether these are ulcers or not. 

SUMMARY AND CONCLUSIONS 

A study of the gastrointestinal tract of the normal dog is presented ; 
special emphasis is placed on the duodenum. Particular attention is 
directed to the incidence of ulcers of the intestinal tract in animals used 
for experimental work. Attention is called also to the occurrence of 
punched-out depressions on the mucosal lining of the duodenum, which 
is an apparently normal condition. The following conclusions are 
offered : 

1. No ulcers were found in the intestinal tract of any of the animals 
studied. 

2. The incidence of ulcer-like depressions in the duodenum of the 
normal dog is 90.8 per cent. 

3. These depressions probably correspond to, but are not identical 
with, Peyer patches. 

4. It is possible that these depressions may be confused with ulcers 
and should be considered as a site of possible ulcer formation by workers 
attempting to produce experimental ulcers in the dog. 

5. Microscopic evidence is necessary before decision is made as to 
the presence of ulceration. 

5. Volini, I. F. ; Widenhorn, H. L., and Finlayson, B. : Experimental Duo- 
denal Ulcer, Surg., Gynec. & Obst. 65:159 (Aug.) 1937. 



PERIANAL CYSTS OF VESTIGIAL ORIGIN 
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NEW YORK 

The caudal end of the body is a frequent site for the development 
of cysts, tumors and fistulas of vestigial origin. Here numerous anlages 
appear almost simultaneously, some of which proceed through a com- 
plex series of changes to form the final organ or system while others 
develop to a certain stage only to regress and be resorbed. Disturbances 
in the developmental sequence, arrested development, heterotopia and 
failure of regression may be factors contributing to the formation of 
anomalous conditions. The persistence of caudal vestiges and the pos- 
sibility of their subsequent development into tumors and cysts have 
been widely acknowledged. These lesions are regarded with much 
interest not only by the surgeon and the pathologist but also by the 
embryologist, because of the links which they provide in establishing 
the chain of evidence concerning the fate of certain embryonal struc- 
tures. 

The present communication will review the embryology of the caudal 
end of the body in general and the development and regression of 
anterior sacral and perianal embryonal vestiges formed from a single 
germ layer in particular. The relation of such vestiges to cysts and 
tumors of this region Avill also be discussed. Cases illustrating some 
of these lesions will be reported. 

The human embryo posesses a true tail, which reaches its maximum 
development at about the 8 mm. stage.’- From this stage progressive 
reduction occurs, until the tail has completely disappeared by the time 
the embryo has grown to about 30 to 35 mm. During this time the 
several systems which occupy the caudal end of the embryo have 
appeared and have undergone complex developmental processes. The 
primitive intestinal tract, the urogenital tract, the early skeletal system, 
the vascular channels and the neural tube are all involved in the forma- 
tion of this region. 

From the College of Physicians and Surgeons, Columbia University, and the 
Department of Surgery, the Presbyterian Hospital. 

1. Kunitomo, K. : Development and Reduction _of the Tail and of the Cau a 
End of the Spinal Cord, Contrib. Embryol. (no. 26) 8:163, 1918. 
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Early in. the clevelopinent of the embryo (14 to 18 clays) a linear 
ridge, the “primitive streak,” appears in the posterior part of the oval 
embryonic area, which marks the zone of contact of the ectomesoclermal 
vesicle and the entodermal vesicle. This is followed by the appearance 
of a groove, the “primitive groove,” on the surface of the primitive 
streak. The anterior part of the groove, which extends only about half 
the distance toward the anterior margin of the embryonic area, termi- 
nates in Hensen’s node. As the groove develops it forms a perforation 
which passes through the anterior end of the streak and the underlying 
entoderm into the entoblastic cavity. This is the blastoporic, or neuren- 
teric, canal (fig. 1 A). This communication is highly transitory in man 
and disappears before the neural groove is converted into a closed tube. 

Eternod - described an embryo of 2.1 mm. which showed the begin- 
nings of these structures very well. This was one of the few human 
embryos in which the neurenteric canal has been observed (fig. 1 B). 

In this stage, one finds that ( 1 ) the neural tube has not yet closed ; 
(2) the notochord and the notochordal 'canal are present; (3) the 
neurenteric canal forms a communication between the primitive medul- 
lary and intestinal canals ; (4) the primitive streak is beginning to form, 
and (5) the caudal intestine is demarcated by the cloacal membrane. 

The medullary tube, which arises by a process of invagination from 
the neural plate, a derivative of the ectoderm, originally extends the 
full length of the embryo, including the tail. Before the formation of 
the medullary tube is complete, however, the neurenteric canal develops 
just caudad to the terminal portion of the notochord. Presumably the 
neurenteric canal is composed of tissue derived from both the neural 
tube and the primitive intestine and should it persist would be found 
opening caudad to the filum terminale in the coccygeal region.® The 
neurenteric canal, however, has never been studied in detail because 
of its extremely early development and its brief existence. No genuine 
vestiges or cysts arising from this structure have been described 
(Peyron *). 

The caudal end of the neural tube, together with the caudal end 
of the notochord and the caudal intestine, extends to the ventral side 
of the tail and fuses with a solid mass of mesodermal cells, forming 
the so-called “residual mass.” At several points the central canal of 
the neural tube becomes narrowed, and the canal gradually becomes 

2. Eternod, A. C. F. : Premiers stadcs de la circulation sanguine dans I’oeuf 
ct lembryon bumains, Anat. Anz. 15:181, 1898. 

I P-i and Mall, F, P,; Manual of Human Embryology, 

iladc^phia. J. B. Lippincott Company, 1912, vol. 2, p. 295. 

.- 1 vestiges embryonnaires de la region sacrococcygienne et 
Acc ^ production des kj'stes on tumeurs d'originc congenitale. Bull, 

oc- traiiC. p. I’etude du cancer 17:613, 1928. 
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Fig. 1. — A, dorsal view of a human embryo 2 mm. in length, with yolk sac. 
The amnion is opened dorsally (after von Spec and Kollmann, from Keibal and 
Mall.3) 


B, Eternod’s embryo of 2.1 mm. All. allantois; C. ch., chordal canal; C. n„ 
rieurenteric canal; L. ch., chordal plate; L. pr., primitive streak; Mem. cl., mem- 
brana cloacalis; 5". vied., medullary groove; Int. can., intestinum caudale. (From 
Keibal and Mall. 3) 


D, embryo of 6.6 mm. The tail has attained nearly its maximum development 
and will gradually take on a more atrophic appearance. The lines along the dorsal 
margin of the spinal cord represent the boundaries of the myotomes. Note the 
beginning separation of the cloaca into dorsal and ventral portions. Note also 
the isolated caudal gut vestige. A. s. vi., arteria sacralis media; Ch., chorda dor- 
salis; Med. sp., medulla spinalis; CL, cloaca; Mein, cl., membrana cloacalis, ■ 
vase., plexus vasculosus; Re. int. can., remnant of caudal gut. (From Kunitomo. ; 

C, embryo of 7 mm. The cloaca is divided into rectum and ventral remains of 
the cloaca by the urorectal septum. The cloacal duct remains as a communication 
between the two for a time. (From Keibal and Mall.s) 
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obliterated, forming a cell strand known as the atrophic cord (fig. 2). 
At about this time (third month) the relative overgrowth of the ver- 
tebral column over the spinal cord occurs, giving the appearance of 
ascension of the cord in the spinal canal. Remnants of the atrophic 
cord become dilated and segregated, forming the coccygeal medullary 
vestige. According to Kunitomo^ this vestige is usually present and 
attains its greatest development at the fifth month, forming a white 
mass about 2 mm. in length in the subcutaneous tissue dorsal to the last 
coccygeal vertebra. It is composed of tubules which are lined with 
both stratified squamous and cylindric epithelium, and at birth it has. 
atrophied to a great extent. 



Fig. 2. — ^Embryo of 25 mm. Note the apparent diverticulum of the atrophic 
cord. The narrowing of the lumen of this portion of the cord appears to be a char- 
acteristic preliminary to its transition into the filum terminate. The two dilatations 
of the terminal intestine are the “bulbus analis” and the “bulbus terminalis.” 
V. s. m., vena sacralis media; Reel., rectum; Med. sp. air., atrophic portion of 
spinal cord; Tub. co., coccygeal tubercle. Remainder of abbreviations as noted in 
figure 1 C. (From Kunitomo.^) 

These vestiges have been thought by some to give rise to pilonidal 
cysts and sinuses. Recently, Stone ® and Fox ® have investigated such 
congenital lesions and have concluded that they develop from centers 
of growth in the basal layer of the ectoderm, which gives rise to hair 
follicles and glands. These authors found that such a process of ecto- 
dermal invagination is a normal occurrence, and that usually the struc- 

5. Stone, H. B. ; Pilonidal Sinus, Ann. Surg. 79:410, 1924. 

6. Fox, S. L. ; The Origin of the Pilonidal Sinus, Surg., Gynec. & Obst. 
60:137. 1935. 
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tures formed disappear. They suggested that it is the same anlage 
which gives rise to the “preen gland” in certain birds and to analogous 
structures in certain mammals and reptiles. All of these seem to have 
a sexual function. 

The notochord, which forms the primitive axial skeleton, arises just 
dorsal to the digestive tube (fig. 15). Whether it originates from 
entoderm or from mesoderm has been long debated; Caudal to the 
termination of the notochord the primitive streak extends to the cloacal 
membrane, thus passing around from the dorsal to the ventral side. 

The evolution of the caudal portion of the notochord is not as well 
understood as is that of its cranial end. In the period during which 
the embryo is from 7.5 to 11 mm. in length the greater part of the 
notochord is embedded in the primitive vertebral column and shows 
considerable winding.^ Intervertebral swellings begin to form; frag- 
mentation progresses, and the cartilage of the vertebrae incorporate 
the vestiges more and more while transforming them. According to 
Pe3''ron,* the last coccygeal vertebra is formed as a result of fusion 
of several vertebrae, and this would seem to account for the relative 
excess of notochordal tissue found in this region. 

Vestiges also remain in the region of the spheno-occipital synchon- 
drosis and in the nucleus pulposus of the intervertebral disks. The 
tissue has a jelly-like appearance and may resemble hyaline cartilage. 

The entoderm of the primitive intestinal canal is closed to the exte- 
rior for a time but comes into direct relation with the surface ectoderm 


at the pharyngeal and cloacal membranes. Both of these structures 
lose their primitive position and become folded into the substance of 
the embryo through increase in the surrounding mesoderm. The 
cloacal membrane (figs. 1 B and 1 Z?) is formed from the ventral portion 
of the primitive streak at the time of its displacement in the formation 
of the tail fold through the disappearance of the intervening mesoderm. 
The cloacal membrane indicates the division between the terminal por- 
tion of the intestine and the tail gut, which normally disappears (fig- 


ID). With the development of the wolfifian ducts the true cloaca is 
formed. It represents the common terminal cavity of both the uro- 
genital and the intestinal tract. Subsequently, the separation of the 
cloaca into a ventral urogenital portion and a dorsal intestinal portmn 
is effected by downgrowth of a coronal urorectal septum (fig- 1 )' 

which is complete at the stage in which the embryo is about 16 mm- 
in length.' The urorectal septum also divides the cloacal membrane in o 
an anterior urogenital membrane and a posterior anal membrane. 

Meanwhile, shrinkage in size does not affect- the tail gut e\en} 
throughout its length but is less marked at the caudal extremity, v lere 


7 JohnTon, F. P. : Development of the Rectum of the Human Embryo, Am. 
J. Anat. 16:1, 1914. 
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a cord of cells is found even after all traces of primitive connection with 
the cloaca have disappeared (fig. ID). The tail gut is said to appear 
with the tail and to accompany the tail in its development and resorp- 
tion.® It appears at about the 3.5 mm. stage, and normally it has com- 
pletely disappeared in an 8 mm. embryo. Peyron ^ in an exhaustive 
study of this structure observed it 10 times in caudates and has presented 
important data on its histologic and topographic characteristics. He 
has noted that the early digestive tube is lined with stratified cuboidal 
epithelium two to four layers thick. The tail gut vestige and the intes- 
tinal tube from which it develops are histologicaly similar. Normally 
the tail gut vestige fills with epithelial debris and mucus and then rapidly 
disappears. 

At the stage in which the embryo is 13.6 mm. in length the rectum 
presents a relatively large spindle-shaped swelling, which Johnson ^ has 
termed the “bulbus analis” (fig. 2). At the lower end of this swelling 
the epithelial tube becomes much decreased in size, but just before the 
cloaca is reached it gradually increases again. The short, lower widened 
portion has been called the “bulbus terminalis” by the same author. 
After division of the cloaca and the cloacal membrane into dorsal and 
ventral portions by the urorectal septum, invagination of the ectoderm 
of the anal membrane occurs, together with absorption of the interven- 
ing mesoderm. A pit is thereby formed, which is termed the procto- 
deum. Here the ectoderm and entoderm come into contact, and at 
about the 32 mm. stage perforation of this partition occurs and con- 
tinuity of the terminal intestinal tract with the ectoderm is established. 
The junction of the anal and the rectal segment is marked in the adult 
by the “pectinate,” or “white line of Hilton.” The bulbus analis forms 
the lower portion of the ampulla recti in the adult, while the bulbus 
terminalis forms the zona intermedia of the anorectal canal. In the 
process of division a portion of the primitive cloaca is included in the 
bulbus terminalis in the formation of the zona intermedia of the adult. 
Thus this segment of the anorectal canal, which measures 5 to 12 mm. 
in length, is derived from the same anlage as the terminal urogenital 
tract. The crypts and columns of Morgagni develop in this area, and 
from the crypts tubular glandlike structures extend into the submucous 
and muscular layers of the rectum. These are called anal ducts or 
anal glands (fig. 3) and usually number less than six or eight. Gordon- 
^^''atson and Dodd “ pointed out that the glands grow outward into the 

8. Pohlman, A. G.: Development of the Cloaca in the Human Embn-o Am 
J. Anat. 12:1, 1911. 

9. Gordon-Watson, C., and Dodd, H.: Observations on Fistula in Ano in 
Relation to Perianal Intramuscular Glands, Brit. J. Surg. 22:703, 1934. 
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Fig. 3. — Section through the anorectal canal of an infant aged I month. Note 
the large crypt and beneath this the anal glands deep in the submucosa. 


deep to the levator ani muscle and into the true pelvis, or (3) into the 
substance of the levator ani muscle. They are lined by several layers 
of polygonal cells in the main ducts and one to two layers of ciiboiclal 
cells in the branches. Mucin-secreting cells are usually present. 
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Misplacement of ectoderm during the formation of the caudal 
extremity, especially with improper closure of the dermal cleft or resorp- 
tion of the cloacal membrane, may give rise to cysts of the perineum 
or the pelvic connective tissue or to raphes of the scrotum and penis. 

It has been concluded by Vallois and Peyron that a plexus of 
blood vessels derived from the embryonic vascular channels, similar 
to the caudal artery and its corresponding vein in lower animals, gives 
rise to the coccygeal glomus. It was formerly thought to consist of 
a single body measuring about 2.5 mm., lying in front of the apex of the 
coccyx. It is now known, however, that there may be several irregular 
sinusoid masses, which are very vascular. Masson has described the 
neural and smooth muscle elements wrapped about an arteriovenous 
anastomosis similar to a subungual glomus. 

DESCRIPTION OF CASES AND COMMENT 

No tumors or cysts of the coccygeal medullary vestige or of noto- 
chordal vestiges are included in the present study. 

Tail Gut Vestiges . — We prefer the term "tail gut” or "caudal gut” 
to “postanal gut” because it gives a more precise description of the 
origin and location of this structure. Peyron * observed that the tail 
gut vestige in the caudate embryo consisted of a more or less elongated 
vesicle formed of intestinal epithelium containing mucous glands, lying 
below the anus and in front of the neurovascular structures (fig. ID). 
No distinct muscular or serous coats were present. He noted that con- 
siderable variation in the types of epithelium in any one specimen was 
possible and that this variation corresponded -to the degree of metaplasia 
found in cysts arising from this vestige. 

Peyron * suggested that an anterior sacrococcygeal or retrorectal 
cyst containing an epithelial lining of the intestinal type (including cells 
which take the mucicarmine stain) and having no definite muscular or 
serous coat could be assumed to be of tail gut origin. 

Middeldorpf in 18S5 described a mucus-containing cystic postanal 
tumor the size of an egg,- which was removed from a girl 1 year old. 
Histologically it was composed of areolar tissue and a fragment of 
intestine similar to normal intestine. Tubules, resembling Lieberkiihn’s 

10. Ewing, J.; Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com- 
pany, 1928, p. 1036. 

11. Vallois, H., and Peyron, A.; Sur les premiers stades du developpement 
due glomerule coccygien chez I’homme, Compt. rend. Acad. d. sc. 170:894, 1920. 

12. ^lasson, P. : Le glomus neuromyo-arterial des regions tactiles et scs 
tumeurs, Lyon chir. 21:257, 1924. 

13. Middeldorpf,. K. : Zur Kenntnis der angebornen Sacralgesclnviilste, Vir- 
chows Arch. f. path. Anat. 101:37, 1885. 
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gknds, and muscle layers were described. No serous coat was found. 
This case has been generally accepted as the first instance of a tumor 
of caudal gut origin to be reported in the literature. 

Galletly in 1924 reported a carefully studied case which fulfils 
Peyron’s criteria. A woman aged 43 presented a cyst between the 
coccyx and the gluteal region, which had been subjected unsuccessfully 
to local excision on several occasions. Laparotomy allowed complete 
removal. The wall of the cyst showed squamous epithelium with intra- 
cystic tufts composed of columnar cells of the intestinal type. Some 
granuIation-Iike tissue and numerous foreign body giant cells v^ere 
described. 

Subsequently, several cases have been described. Among these are 
some which present features that make their inclusion in this group 
questionable and others that were incomplete!)^ described, making satis- 
factory interpretation impossible. 

Thomason described 2 cases. From the description, the tumor 
in the first seems to have been of caudal gut origin. However, the 
author added ; “The history of its having been removed at a previous 
operation suggests, of course, that our tumor whatever else it may be 
is a teratoma, perhaps a "suppressed twin.’ ” The second case is almost 
devoid of any descriptive data. In it the condition was associated with 
several anomalies, such as an enlarged tail-like coccyx and nonfusion 
of the lamina of the first sacral vertebra. 

In Robertson and Wride’s^® case, the cyst contained bone and 
ganglion-like cells in addition to what was believed to be intestinal 
epithelium. 

Ravin reported 1 case in which the condition occurred in an infant 
2J4 months old. His only comment Avas: “The cyst is lined with sev- 
eral layers of cells the innermost of Avhich is columnar and ciliated. 

Ballantyne has reported a carefulty studied case Avhich he regarded 
as an instance of carcinoma arising in a postanal gut vestige in a woman 
aged 38. Histologically the cyst shoAved an intestinal glandlike arrange- 
ment of lining composed of columnar epithelium. Goblet cells AA^ere 
present, and at one point frankly carcinomatous tissue Avas found. 

14. Galletly, A. : Presacral Tumors of Congenital Origin, Proc. Roy. Soc. Med. 
(Sect. Obst. & Gynec.) 17:105, 1924. 

15. Thomason, T. H.: Cysts and Sinuses of the Sacrococcygeal Region, Ann. 
Surg. 99:585, 1934. 

16. Robertson, F. N., and Wride, G. E. : Case of Persistent Cyst of Postanal 
Gut Origin in an Adult, Canad. M. A. J. 31:535, 1934. 

17. Ravin, R. W. : SacrococcA^geal Ca'sIs and Tumors, Brit. J. Surg. 23. /, 

1935. 

18. Ballantyne, E. N. : Sacrococcj^geal Tumors: Adenocarcinoma of C}Stic 
Congenital Embryonic Remnant, Arch. Path. 14:1 (July) 1932. 
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Records of 2 cases in which we believe the condition to have been 
of caudal gut origin are found in our files. 

Case 1. — A woman aged 26 complained of pain on defecation for three months 
and of pains vaguely located in the lower part of the abdomen for seven years. 
There had been rather severe constipation but no tenesmus. No pus, blood or 
mucus had been observed in the stool. The patient had undergone an appendectomy 
seven years before and a cyst had been removed from the left ovary two years 
before at another hospital. 

Examination revealed a soft swelling to the left of the urethral orifice and an 
anal fistula 3 cm. in length opening into the posterior commissure at the mucocu- 
taneous junction. The tract seemed to pass around to the left anterior rectal wall. 
No masses were noted. Incision and drainage of what was thought to be a sub- 
mucous abscess were performed. The external sphincter was divided at the 
posterior commissure, and the sinus was packed with iodoform gauze. 

The patient continued to have occasional rectal pain and constipation, but the 
wound healed satisfactorily. Seventeen months later, however, there was recur- 
rence of acute anorectal pain, together with passage of a considerable quantity 
of pus and blood. 

Examination showed an elevated bluish red area about 4 cm. from the anus 
on the posterior anorectal wall. Greenish yellow pus was seen exuding from an 
opening in this area. This was thought to represent a recurrent submucous 
abscess, and incision and drainage, together with curettage, were carried out. 
Unfortunately no pathologic studies were done at this time. Healing was unsatis- 
factory, and the patient was referred to Dr. Charles L. Janssen, who made the 
following note: “Just at the mucocutaneous junction a sharp-edged opening is 
felt. Above this an ovoid mass about 5 by 3 cm. is encountered. It is soft, not 
fluctuant and exquisitely tender. The size of the mass suggests the possibility 
of a cyst being associated with the abscess.” 

A third operation was performed one month later, at which time it was recog- 
nized that a rather large multilocular cyst or multiple cysts, some containing clear 
mucus and others caseous material, lay in the posterior rectal region. Complete 
e.xcision was not attempted, but several portions were removed and the wound 
was packed with gauze. The postoperative course was complicated by a hemorrhage 
on the ninth day, together with cystitis and some psychotic manifestations. A more 
radical surgical procedure was planned, but subsequently the patient went to 
another hospital and was lost to the follow-up clinic. 

Sections (fig. 4) of the specimen showed a multilocular cyst filled with material 
which took the mucicarmine stain. The epithelial lining elements showed metaplasia. 
Stratified squamous and stratified columnar cells were most numerous, and in some 
portions definite Lieberkithn crypts appeared. Frequent acini of clear columnar cells 
and many mucin-secreting cells were found. The arrangement definitely suggested 
intestinal mucous membrane. No cilia, intercellular bridges, keratohyaline granules 
or argentaffin cells were observed. Occasional scattered groups of smooth muscle 
bundles were present in the periphery, but no definite muscular or serous coats 
were found. 

Case 2 (Submitted by Dr. George H. Semken). — The patient was a woman 
aged 36. The tumor was found during the course of a gynecologic examination. 
It had given the patient no symptoms. 

Digital examination revealed an ellipsoid mass at the left side of the rectum, 
just in front of the coccyx. It seemed well defined and encapsulated and was soft 
rather than fluctuant. 
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At operation it was found that the mass, which measured 2.2 by 1.8 cm., lay 
external to the fascia propria of the rectum and was partly incorporated in the 
coccygeal portion of the levator ani muscle. The tumor was easily removed, and 
convalescence was uneventful. 

The specimen contained about 4 cc. of thick brownish material composed of 
degeneiated epithelium and amorphous debris. Fibroareolar tissue covered the 



Fig. 4 (case 1). — Section through a portion of a caudal gut cyst. Note the 
several types of epithelium present. 


external surface of the cyst. The wall averaged 1 to 2 mm. in thickness, and the 
inner surface presented a smooth, almost velvety, appearance. 

Sections (fig. 5) through the wall of the cy^st showed it to be lined in part 
by three types of stratified epithelium ; squamous, columnar and ciliated. The last 
two are mucin-secreting membranes. A definite tendency to glandular formation 
was seen in some areas. Elsewhere a granulation-like tissue containing large num- 
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bers of pigment-laden phagocytes formed the lining of the cyst. In the wall a few 
scattered smooth muscle fibers were seen. No keratinization, formation of inter- 
cellular bridges or other evidence that might suggest an ectodermal origin of this 
cyst was found. 

CLOACAL VESTIGES 

Anal Glands . — A large number of anal glands have been observed 
in conjunction with regional disease as well as incidental to the examina- 



Fig. 5 (case 2). — Section through the wall of a caudal gut cyst. 


tion of anorectal specimens. They seem to be vestiges of the primitive 
cloaca. The frequency with which they have been designated “super- 
numerary rectal glands,” “postanal gut fistulas,” “heterotopic rectal 
mucosa” and “epithelized fistulous tracts” in our series lias prompted 
us to review these specimens in conjunction with the present study. 
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Herrmann and De fosses first suggested that fistula in ano might 
be caused -by anal glands. Several brief studies appeared subsequently, 
and in 1929 Lockhart-Mummery referred to them as a possible cause 
of fistula and pointed out that these structures had apparently been 
overlooked by anatomists and surgeons. Relatively few references to 
these obviously important structures appeared until, in 1930, Tucker 
and Hellwig pointed out the fact that the crypts of Morgagni are 
not in themselves responsible for the frequency of anal infections. As 
a rule, these infections are due to the “anal ducts” which open into the 
crypts and provide a ready path for infecting organisms to enter the 
wall of the anal canal, resulting in cryptitis, periproctitis, fissures and 
fistulas. They noted that the anal ducts appear in the embr 3 ^o at the 
same time as the prostate and periurethral glands and have a distinct 
histologic resemblance to these organs. In addition, they pointed out 
that the biologic characteristic of harboring the rather easily destroyed 
gonococcus is common to these related structures. 

Two cases in which I'ather prominent anal glands were found are 
reported. 

Case 3. — A white man aged 36 complained of anal pain, pruritus and hemor- 
rhoids of about four years’ duration. 

Examination revealed a chronic fissure in ano with a sentinel pile in the posterior 
commissure. About 1 cm. superior to the fissure a fistulous opening about 2.5 
cm. in length was demonstrated. Internal hemorrhoids were also present. 

At operation the tract was injected with methylene blue, and excision of the 
fissure and the fistula as well as of the hemorrhoids was performed. 

The wound seemed to heal slowly, and several months later it was noted that 
a second fissure had appeared at the same site. Reoperation was performed, and 
ultimate healing occurred. 

Sections (fig. 6) of the fistula revealed a large, tortuous compound glandular 
structure lined by stratified columnar epithelium, which arose from a depression 
in the mucocutaneous junction. Mucin-secreting cells were frequent, and inflam- 
matory cells were numerous throughout the supporting tissue. It is probable 
that the first operation was incomplete and that some of the epithelium remained, 
causing delayed healing and secondary fissure formation. 

Case 4. — A Chinese man aged SO was admitted to the hospital with the clinical 
diagnosis of carcinoma of the stomach with metastases to the liver. There were 
no anorectal complaints. On routine examination a soft nontender mass measuring 
2 cm. in diameter was found in the submucosa of the anterior rectal wall, just 
above the internal sphincter. Proctoscopic examination revealed a punched-out 
ulcer 5 mm. in diameter in the mucosa covering the mass. The mass and the ulcer 

19. Herrmann, G., and Defosses, L. : Sur la muqueuse de la region cloacale du 
rectum, Compt. rend. Acad. d. sc. 90:1301, 1880. 

20. Lockhart-Mummer 3 % J. P. : Discussion on Fistula-in-Ano, Proc. Roj'. Soc. 
Med. 22:1331, 1929. 

21. Tucker, C. C.. and Hellwig, C. A.: (a) Anal Ducts, Arch. Surg. 31:3^ 
(Oct.) 1935; (b) Histopathology of Anal Crypts, Surg., Gynec. & Obst. 58. a, 
1934. 
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were excised, and the wound was closed. Convalescence was uneventful, but the 
patient succumbed to the intra-abdominal neoplasm about a year later. 

Section of the specimen showed that the ulcer was situated slightly proximal 
to the mucocutaneous junction. Its base was covered with slough, and there 
was no granulation tissue or evidence of repair. At the mucocutaneous junction a 
large anal gland (fig. 7) wound about in a tortuous manner in the fibers of the 



Fig. 6 (case 3). — ^Large anal glands associated with fistula and fissure in ano. 


sphincter. It was lined with stratified columnar, mucus-producing epithelium, and 
in one or two places it blended with stratified squamous cells. There were no cilia. 
Several argentaffin cells were present in the mucosa of the anorectal canal but 
not in the glands. The sections did not indicate the cause of the ulcer ; however, 
it is plausible to assume that the anal glands may have been associated with its 
production. 
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Vestiges of Cloacal Membrane . — The location of tail gut cysts is 
fairly well defined as retrorectal. Anterior rectal or perineal cysts may 
arise by persistence of remnants of the cloacal membrane or by hetero- 
topia of the ectoderm of the dermal cleft. The presence of ciliated 
epithelium in cysts of vestigial origin is not particularly astonishing or 



significant when it is recalled that ciliated epithelium is found lining 
many embryonal structures, such as neural, enteric, respiratory and 
genital canals (Ewing). 

The cyst described in the following report we believe to have deve - 
oped from the entoderm of the cloacal membrane. 
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Case 5. — A white man aged 23 complained of a mass anterior to the anus, of 
many years’ duration. There had been no noticeable changes in its size. During 
the week preceding his admission to the hospital the patient had observed a swelling 
in the sacrococcygeal region, associated with some pruritus. 

Examination revealed a rounded pedunculated soft cystic mass about 2.5 cm. 
in diameter, attached to the anterior commissure of the anus. In addition, in the 
midline of the coccygeal region two very small openings were noted. There was 
some evidence of inflammation in this region. Digital and anoscopic examinations 
gave essentially negative results. 

At operation the perineal mass was found to be adherent to the lower border 
of the external sphincter. It was easily removed. A sacrococcygeal cyst measuring 
2.5 by 1.5 cm. was removed en masse. Recovery was uncomplicated. 

The first specimen contained about 3 cc. of brownisli yellow puslike material. 
The lining of the cyst was smooth and glistening. Microscopically (fig. 8) the 
lining showed a rather even stratified columnar ciliated epithliuni with some evi- 
dence of the secretion of mucin. There was no definite suggestion of gland forma- 
tion, and no epithelial metaplasia. In the fibrous tissue of the wall some smooth 
muscle was found. 

The second specimen contained some amorphous material and a few hairs. 
Its lining was composed entirely of granulation tissue in which many foreign 
body giant cells were noted. 

The perineal cyst would seem to be of cloacal rather than intestinal 
origin. The fact that no glands were present, as well as the anterior 
location of the cyst, would exclude the caudal gut vestige as a possible 
source of origin. Its association with a sacrococc3’’geal sinus is unusual 
but not remarkable. There is no evidence that the lesions were in any 
way related. The absence of epithelium in the sinus was probably 
due to the destructive influence of the inflammator}’- process which 
prompted the patient to seek medical treatment. 

Case 6. — A white woman aged 35 stated that she had first noticed a growth 
near the anus a year before. It had given slight pain and had bled on one occasion. 
Pruritus had been severe. 

Examination revealed two tabs of skin attached to the posterior commissure 
of the anus. The larger of these tabs measured 1 cm. in diameter. 

At operation a tract about 4 cm. in length was found arising from one tab 
and extending outside the external sphincter. The tract was sectioned, and several 
drops of pus escaped from it. Methylene blue was injected, but no internal opening 
could be discovered. 

Convalescence was uneventful, and the sinus healed 

Sections (fig. 9 and 10) through the larger tab showed that it contained two 
cysts, which differed histologically. One cyst was lined with stratified cuboidal 
and columnar epithelium. Many of the surface cells contained droplets of mucin. 
At intervals ciliated cells were found, isolated or in groups. Occasional cells 
in the basal layer contained granules which blackened with silver and had the 
appearance and characteristics of argentaffin cells. There was a tendenc>- to 
squamous cell metaplasia in some areas, but no keratinization was found. Sur- 
rounding this cyst were great numbers of phagocytic cells the cytoplasm of 
which was distended by large numbers of coarse brown granules. From their 
staining reaction to scarlet red it is believed that they were lipoids. 
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In another portion of the cutaneous tab and apparent!}" not communicating witli 
tlie cyst just described Avas a second cyst (fig. 10). It was in part lined with 
stratified squamous epithelium, the flattened surface cells of which were hydropic 
and vacuolated and contained no keratohyaline granules. The basal layer of cells 
contained no melanin. In another portion of the cyst, stratified columnar cells were 
present. In a third part, no epithelium was found; instead, a loose, relatively 



Fig. 8 (case 5). — Section through the Avail of a cyst of the cloacal membrane. 
Note the cilia present. 


aA"ascular network of fibrous tissue containing large numbers of foam cells formed 
the wall of the cyst. 

The definite histologic differences between these cysts would seem to 
indicate that they arose from different anlages. The presence of siher- 
positive cells which appeared to be argentaffin cells within one of the 
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cysts is the only observation which suggests intestinal origin. The 
distinct histologic resemblance of this cyst to that in the previous case 
leads us to believe that it was probably a vestige of the cloacal mem- 
brane. The second cyst almost certainly arose from heterotopia of the 
ectoderm of the dermal cleft. 



i'ig. 9 (case 6). — High power photomicrograph of a section through a cyst of 
the cloacal membrane. 


SUMMARY 

Ihe development of the caudal portion of the body is attended by 
numerous complex processes involving the medullary tube, the primitive 
intestinal tract, the notochord and the cloaca. Disturbances in develop- 
ment may lead to persistence of certain embryonal vestiges, which are 
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sometimes important factors in the production of cysts, tumors and 
fistulas of this region. From the number of cases reported in the 
literature one would judge that the persistence of vestiges is rare; 
however, they are probably more common than this would indicate. 
Vestiges of the cloaca are normally found in the anorectal canal, form- 



Fig. 10 (case 6). — Section through a cyst of ectodermal origin found adjacent 
to the cyst shown in figure 9. 


ing the anal glands, which are extremely important in the causation of 
lesions of this area. 

The histologic and topographic features of caudal gut cysts, as t'e 
as of cloacal cysts, are discussed. Two representative cases of eaci 
group are reported, and illustrative cases in which there were large ana 
glands are cited. 
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CONCLUSIONS 

1. The presence of cysts of the perianal region can be explained 
on an embryologic basis, and the cysts may be classified according to 
their source. 

2. Cysts of a single germ layer which are of embryonal origin may 
be derived from the caudal gut, the cloaca or the ectoderm of the dermal 
cleft. 

3. Vestigial structures, such as the anal glands, are frequent sites of 
anorectal lesions, such as fistula, fissure and perirectal abscess. 



MOTION OF THE LUNG AFTER SURGICALLY 
INDUCED PARALYSIS OF THE PHRENIC 

NERVE 


ANDREW L. BANYAI, M.D. 

WAUWATOSA, WIS. 

Differences of opinion are still encountered as to the mechanical 
effect of induced paralysis of the hemidiaphragm on the volume and 
function of the corresponding lung. Yates ^ expressed the opinion 
that the motion of the parietes of the chest can be limited by blocking 
the nerve trunks which transmit motor impulses to the diaphragm. 

He stated that surgical paralysis and consequent atony of the dia- 

phragm induce a reduction in the movements of the thoracic parietes 
of the chest or, even if there are adhesions, a reduction in the vol- 
ume of the lung, and the pulmonary excursions are limited to 
those immediately above and below the mean inflation. Lilienthal - 
said that clinical results and roentgenologic appearances led him to 
the conclusion that the elevation of the diaphragm after having crushed 
the phrenic nerve may effect a reduction in capacity the equiva- 
lent of from 200 to 500 cc. and also a decrease in the respiratory 

excursions. Bettman “ recommended phrenicoexeresis for obtaining 
collapse and rest of the diseased lung. He estimated that the diminution 
of thoracic volume by the rise of the paralyzed diaphragm in an adult 
varies somewhere between 400 and 600 cc. Alexander * contended 
that mere relaxation of the lung and reduction of its volume necessarily 
cause a certain amount of pulmonary rest; elimination of the pumping 
function of the diaphragm, he said, is the most important single factor 
in resting the lung. He quoted Berard, who estimated that the volume 
of the lung is reduced from one fourth to one third by phrenicotoniy, 
and Ziegler, whose estimate is one fourth. 

Wilson tabulated the data of other investigators concerning the 
influence of the diaphragm and the ribs on the normal respiratory 

From Muirdale Sanatorium. 
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volume. These data reveal that the diaphragm contributes from 37 to 
47 per cent of the volume of respired air on quiet respiration. Eloesser 
and Brown ® expressed the opinion that pulmonary rest is not very 
great after phrenicotomy. Straub " found that the loss of pulmonary 
volume which accompanies paralytic elevation of the dome of the 
diaphragm amounts to from 20 to 30 per cent. He stated that although 
a phrenic operation results in a certain amount of relaxation and 
immobilization of the corresponding lung, it carries with it the disad- 
vantage of not absolutely eliminating the motion of the lung on account 
of the compensator}!' thoracic motion during respiration. It was shown 
by Schnippenkotter ® and by Head ® that the paralysis of the hemi- 
diaphragm is compensated for chiefly by increased action of the homo- 
lateral ribs. Lambert emphasized that the extent of the rise of the 
diaphragm should not be taken as the sole criterion on which to judge 
the efficacy of surgical operation on the phrenic nerve in any given 
case. The conception he expressed was that elimination of the phrenic 
pathway interrupts an important link in the mechanism coordinating the 
various factors of the respiratory function and thus leads the inter- 
costal and abdominal muscles to act less vigorously. He stated the belief 
that this consequence, together with the loss of the contractile power 
of the diaphragm, results in a diminution of pulmonary expansion and 
contraction during respiration and effects a certain degree of rest in 
the pulmonary tissue. 

Sisti and Soricelli “ made kymographic studies of the chest before 
and after crushing of the phrenic nerve and were able to demonstrate 
that the excursions of the ribs increased after, operation. The experi- 
mental studies of Strauss led him to the conclusion that induced 
paralysis of the phrenic nerce does not immobilize the lung. A similar 
opinion was expressed recently by van Joost,^® who said that the lack 
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of major immobilization of the lung following block of the phrenic 
nerve is due to the immediate compensatory ventilation induced by 
the increased motion of the ribs. Furthermore, Matson and Matson “ 
stated that the beneficial effect of hemidiaphragmatic paralysis is due to 
the degree of collapse obtained in the diseased lung by the rise of the 
corresponding side of the diaphragm, rather than to any rest provided. 

NEW METHOD OF STUDY 

The object of the study reported in this paper was to ascertain 
the extent of motion of the treated lung by a new method for the 
determination of the respiratory expansion of the chest, devised by 
Hurtado and Fray.^® The)^ found that the degree of thoracic expansion 
can be estimated from the relation between the roentgenologic pulmo- 
nar}*^ fields at maximum expiration and inspiration. The roentgeno- 
grams used in my work were taken at the end of the two respiratory 
phases in the upright position on two films from a distance of 6 feet 
(180 cm.). The area of the fields was measured by means of a plani- 
meter, the tracer of which was moved along the inner aspect of the ribs 
on the following course : from the left axilla, through the left half of 
the diaphragm, the right half of the diaphragm, the right lateral border 
of the lung and the right apex, and across the spine to the starting point 
at the left apex. A line was drawn corresponding to the position of the 
trachea and the mediastinal borders of the two lungs. Thus it was 
possible to measure the areas of the diseased and the “good” lung 
separately. 

The figures on the differential wheel of the planimeter used indicate 
area in square centimeters. The roentgenologic respiratory ratio; 
R. R. R., was calculated according to the following formula: (roent- 
genologic area at maximum expiration/roentgenologic area at maximum 
inspiration) X 100. This ratio is inversely proportionate to the extent 
of the respirator)' excursions : The higher the ratio, the smaller the 
motion, and vice versa. 

Hurtado and Fray^® stated that if the ratio thus calculated is 
higher than 72, a definite reduction in chest expansion may be suspected. 
My calculations showed that the ratio of the diseased lung before 
operation varied from 60 to 98. In 30 cases anal3'zed 2 values were 
between 60 and 69, 8 between 70 and 79, 14 between 80 and 89 and 6 
90 or more. The roentgenograms were taken one month after operation 
in 25 cases, after a four-day interval in 2 (1 case of exeresis and 1 of 
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phrenemphraxis), after a sixteen-da}' interval in 1 (phrenemphraxis), 
after a two and one-half month interval in 1 (phrenemphraxis), and 
after an eight-month interval in 1 (exeresis). Dr. F. Raine, visiting 
surgeon to the Muirdale sanatorium, performed all operations. 
I estimated the postoperative motion of the lung by comparing the 
ratios of both lungs after operation with the ratios of both lungs before 
operation. It must be remembered, however, that without due correc- 
tion such a comparison may give a false impression. The force of the 
inspiratory and expiratory efforts may differ before and after operation. 
The true value of the motion of the diseased lung is determinable only 
if one corrects the areas according to the extent of motion on the 
“good” side. 

An example may illustrate this point. Assume that before opera- 
tion the expiratory area was 153 sq. cm. and the inspiratory area 191 
sq. cm. on the “good” side; its R. R. R. : -q|f" ^ 100 = 80. The dis- 
eased side had at the same time an expiratory area of 167 sq. cm. and 
an inspiratory area of 200 sq. cm. ; its R. R. R. : X 100 = 83. 

The respiratory motion of the diseased lung is 3 (83 — 80) points 
less than that of the “good” lung. After operation, the expiratory area 
of the “good” lung is 142 sq. cm. and the inspiratory area is 184 sq. cm. ; 
its postoperative R. R. R. : X 100 = 77. The motion increased by 

3 (80 — 77) points when compared with the preoperative function. 
After operation, the diseased lung had an expiratory area of 153 sq. cm. 
and an inspiratory area of 168 sq. cm. ; its postoperative R. R. R. : 

153 

i^X 100 = 91. The motion decreased by 8 (91 — 83) points when 
compared with the preoperative function. The side not operated on 
shows a 3 point increase in motion while the side operated on has an 8 
point decrease. In other words, as the result of operation, the side 
operated on has an 8 point decrease in motion instead of the 3 point 
increase of the side not operated on, that is, a ffaiii in rest of 11 (8 -}- 3) 
points. The figure calculated according to this formula is designated as 
the relative index of motion of the lung operated on. 

RESULTS OBTAINED BY NEW METHOD 

j\Iy results show that the motion of the lung after induced paralysis 
of the corresponding phrenic nerve was reduced in 18 cases (60 per 
cent), remained unchanged in 5 (16.7 per cent) and increased in 7 
(23.3 per cent). It is evident that 12 patients (40 per cent) did not 
derive from the operation the rest anticipated. All patients with an 
R. R. R. of 0 or 1 were considered as having the motion unchanged. 
The extent of the increased motion varied from 4 to 14 points. Of 
the 7 patients with increased motion. 2 had undergone exeresis and 5 



292 


ARCHIVES OF SURGERY 


temporary nerve block (phreneniphraxis). In the IS instances in 
which postoperative motion of the lung was reduced, the degree of 
reduction was predominant!}'- slight or moderate. It was less than 5 
points in 5 cases (16.7 per cent of all the cases analyzed), between 5 
and 9 points in 8 (26.6 per cent), between 10 and 14 in 4 (13.3 per 
cent) and between 15 and 19 in 1 (3.3 per cent). Only 4 of the 30 
patients had undergone exeresis; of these increased motion was noted 
after operation in 2 (50 per cent). Of the 26 cases in which there 
was temporary paral3'sis, the pulmonary motion became decreased in 16 
(61.5 per cent), remained unchanged in 5 (19.2 per cent) and increased 
in 5 (19.2 per cent). Of the 8 right-sided temporary blocks, the 
postoperative motion of the lung decreased in 4 (50 per cent), remained 
unchanged in 1 (12.5 per cent) and increased in 3 (37.5 per cent) ; of 
the 19 left-sided temporar}' blocks, the motion decreased in 12 (66.6 
per cent), remained unchanged in 4 (22.2 per cent) and increased in 2 
(11.1 per cent). 

The actual rise of the diaphragm after operation on inspiration 
was 4 cm. or more in 4 cases, 3 to 3.9 cm. in 10, 2 to 2.9 cm. in 4, 

1 to 1.9 cm. in 7, less than 1 cm. in 2 and absent in 3. On expiration 
the actual rise was 4 cm. or more in 2 cases, 3 to 3.9 cm. in 1, 2 to 2.9 
cm. in 7, 1 to 1.9 cm. in 11, less than 1 cm. in 8 and absent in 1. 
Excursions of 0.2 cm. were classified as “motion absent.” The relative 
rise of the diaphragm (corrected according to the motion of the dia- 
phragm on the “good” side) was 4 cm. or more on inspiration in 7 ca.ses, 
3 to 3.9 cm. in 6, 2 to 2.9 cm. in 9, 1 to 1.9 cm. in 4, less than 1 cm. 
in 1 and absent in 3. The relatiA'e rise on expiration was 4 cm. or more 
in 1 case, 3 to 3.9 cm. in 5, 2 to 2.9 cm. in 6, 1 to 1.9 cm. in 8, less 
than 1 cm. in 7 and absent in 3. 

The actual postoperative motion of the corresponding dome of the 
diaphragm decreased in 21 cases (70 per cent), remained unchanged 
in 4 (12.6 per cent) and increased in 5 (16.7 per cent). The increase 
amounted to from 27 to 266 per cent of the extent of the preoperative 
motion. The increased diaphragmatic motion is explainable by one oi 
more of the following factors: (1) tug of the opposite diaphragm, (2) 
release of adhesions and (3) artificial pneumothorax on the side oper- 
ated on. Two of the patients had simultaneous contralateral artificial 
pneumothorax, another bilateral artificial pneumothorax and two others 
homolateral artificial pneumothorax. 

A comparison was made between the preoperative motion of the 
diaphragm and the postoperative motion of the affected lung, 
found that, with the exception of 1 case in the group with motion o 

2 to 2.9 cm. and 1 case in the group, rvith motion of 3 to 5 cm., a 
cases with increased or unchanged pulmonary motion were ones 
Avhich the preoperative diaphragmatic motion was less than 2 cm. » 
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3 instances actual diaphragmatic motion was absent postoperatively ; 
still the relative motion of the lung was reduced by from 3 to 9 points. 

In the group in which the postoperative diaphragmatic motion was 
less than 1 cm., the reduction of the pulmonar}' motion varied from 

0 to 12 points, and it was increased in 2 instances 6 and 14 points 
respectively. In the group with postoperative diaphragmatic motion of 

1 to 1.9 cm., the pulmonary motion was reduced by from 1 to 14 points. 
In the group with diaphragmatic excursions of 3 to 5 cm., the reduction 
of the motion of the lung varied between 0 and 19; a 4 point increase 
occurred in 1 instance and a 7 point increase in another. 

Considering the relation between the R. R. R. of the treated lung 
before and after operation, we found, except in 1 instance, no post- 
operative increased motion in cases in which the preoperative R. R. R. 
was less than 80. The reduction of motion in the group with an 
R. R. R. of 60 to 69 varied from 3 to 8, and in the group with an 
R. R. R. of 7fi to 79 from 1 to 19; increased motion was noted in 1 
case. Of the 14 cases with a preoperative R. R. R. of 80 to 89 the 
postoperative pulmonary motion increased in 5 ; in the group of 6 
cases with a preoperative R. R. R. of 90 or more motion increased 
in only 1. 

The relation between the type pulmonary or pleural disease and 
the postoperative motion of the lung was also studied. Of the 2 
patients who were operated on because of tuberculous plastic pleurisy, 
1 showed decreased pulmonaiy motion after operation and the other 
showed increased motion. Of the 6 cases of minimal pulmonar)- 
involvement, the motion decreased in 4, increased in 1 and was 
unchanged in 1. Of the 16 cases of moderately advanced involvement, 
in 10 the motion decreased, in 3 it increased and in 3 it remained 
unchanged. Of the 6 cases of far advanced involvement, decreased 
motion was observed in 3, increased motion in 2 and unchanged motion 
in 1. The influence of basal pleural adhesions that were demonstrable 
on the roentgenogram is reflected by the following data: Of the 11 
cases belonging to this group, increased postoperative motion was noted 
in 4 (36.3 per cent) and unchanged motion in 2 (18.1 per cent). The 
degree of increased motion ranged from 5 to 14 points. Reduced 
motion was present in 5 cases (45,4 per cent). 

SUMMARY AND CONCLUSION 

A roentgenologic study of the change in the motion of the lung 
after surgical operation on the phrenic nerve is presented. 

The analysis was made according to the new method of Hurtado 
and Fray, by determining the roentgenologic respiratory ratio (R. R. 
R.), that is, by calculating the relation between the roentgenologic area 
of the lung on maximum expiration and that on maximum inspiration. 
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The relative (or comparative) roentgenologic index of rhotion is 
shown to be a closer reflection of the true dynamics of a lung that 
has been operated on than those figures which express the actual 
difference in extent of . motion without regard to increase or decrease in 
respiratory excursions of the lung not subjected to operation. 

Although it is realized that the data presented in this work bear 
the limitations of a study based on a small number of cases, they throw 
some light on the question of pulmonary rest after operation on the 
phrenic nerve. I found that the motion of the lung after induced 
paralysis of the corresponding phrenic nerve decreased in 18 cases 
(60 per cent), remained unchanged in 5 (16.7 per cent) and increased 
in 7 (23.3 per cent). In other words, the anticipated postoperative 
pulmonary rest was not accomplished in 40 per cent of the cases. 
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from tile ^toInacl^ aiui tin- tipp'-r )>art nt tin- small intestine in the 
presence of organic ohsirnetion may l)e of some therapetitic importance. 
Dops with ohsirnetion of the npjn-r ]>an of the jejnmmi, 15 cm. below 
the lit^ament of Treilr,. lived more than twice as loni:; as animals receiving 
nothing hy month and lo^i less weight when permitted to drink water. 
1 his indicates that water was ah'-orhecl from the tipper part of the intes- 
tinal tract, in spite of ohstniction and camtinned vomiting. 

A .series <if e.xjierinieiits has been done to determine the effect on 
tlic length of life of anim.ds with jejunal ohstrnction.s of drinking a 
sohition of sodinni chloride, a siilntitni of 10 per cent alcohol and a com- 
hinaiion of alcohol and sohition <tt sodium chloride. In a second series 
the jiylorns v.'as ohstrncted and a conijiarison made of the chemical 
change.s in the blood of animals receiving sohition of sodium chloride 
and water. 

ircHNic or r..xfi;uiMr.NTS 
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tion of alcohol and the fourth group a combination of 10 tier cent alcohol and 
0.6 per cent solution of sodium chloride. 

Series 2 . — Obstruction was jiroduced at the jiylonis hy sectioning the pyloric 
ring and closing the gastric and the duodenal end with a double row of silk 
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sutures. Tlic .-mimiils in tliis series were divklecl itito two groups of 6 animals 
each, the first being given' tap water only and tlic second an 0.8S per cent solution 
of sodium chloride. 

Frequent determinations were made of the nonproteiii nitrogen and the creati- 
nine content and the carbon dioxide-combining power of the blood and the chloride 
content of whole blood throughout each experiment. An autopsy was done on each 
animal. Only those that were free from complications arc included in this report. 

RESULTS OF EXPERIJIENTS 

Series 1 . — Obstruction of the Jejunum: Group 1 animals, tliose 
receiving water only, lived an average of eleven and one-third days. 
Analysis of the blood showed the typical rise in the nonprotein nitrogen 
content and the carbon dioxide-combining power and a marked drop 
in the chloride content. All determination of creatinine gave results 
within normal limits (table 1). 
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For group 2 animals, those receiving 0.6 per cent solution of 
sodium chloride, the average length of life was twenty-six and one-sixth 
days. Except in 1 animal therg was no constant increase in the non- 
protein nitrogen. The chloride content showed some decrease in 4 of 

Table 2 (Series 2). — Obstruction at Pylorus by Section and Suture of 

Duodenuni and Stomach 
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the 6 animals, but the change was not marked. There was a rise in the 
carbon dioxide-combining power in all but 1 animal. There was no 
change from normal in the creatinine content (table 1). 

Group 3 animals, those receiving 10 per cent alcohol, lived an average 
of twelve and one-sixth days. The blood showed an increase in the 
nonprotein nitrogen content and the carbon dioxide-combining power 
and a decrease in the chloride and the normal creatinine content 

(table 1). 
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In group 4 of this series, coinposccl of animals receiving 10 per cent 
alcoliol in 0.6 per cent solution of sodium chloride, the average length of 
life was twelve days. There were an average slight increase in the non- 
protein nitrogen content of the blood, an increase in the carbon dioxide- 
combining power in 4 of the animals and a slight decrease in the chloride 
content in only 2 of the animals. The creatinine content remained within 
normal limits (table 1). 

Series 2 . — Obstruction at the Pylorus : Animals of group 1 of this 
series received water only. The average length of life was four and one- 
third days. In each animal there was a marked rise in the nonprotein 
nitrogen content and the carbon dioxide-combining power and a marked 
drop in the chloride content of the blood ; there was a slight terminal rise 
in the creatinine content in 2 animals (t.ablc 2). 

Group 2 dogs, those receiving 0.85 per cent solution of sodium chlo- 
ride, lived an average of five d.ays. The nonprotcin nitrogen content 
showed a much more marked and rapid increase than in any other group 
in either scries. There was a moderate rise in the carbon dioxide- 
combining power of the blood of each animal. The decrease in chloride 
content was slight in 5 animals. There was a definite terminal rise in 
creatinine content in all animals (table 2). 

COMMENT 

Previous experiments ^ have shown that dogs with an obstruction of 
the upper part of the jejunum live more than twice as long if permitted 
to drink water as desired. The experiments here recorded show that 
animals drinking a dilute solution of sodium chloride live more than 
tivice as long as those drinking tap water. The average chloride content 
of whole blood was slightly reduced, but to a much smaller degree than 
in animals drinking water onl)'. The same thing was true of animals 
with obstruction of both the jejunum and the pylorus. The average 
length of life for animals receiving 10 per cent alcohol was only approxi- 
mately one day longer than for those receiving water. The addition of 
sodium chloride to the alcohol did not increase the length of life. The 
drinking of alcohol did not prevent the changes in the blood character- 
istic of high obstruction of the jejunum. When sodium chloride was 
added to the alcohol, changes were prevented in the nonprotein nitrogen 
and the chloride content, and there was only a slight average increase 
in the carbon dioxide-combining power. There was no increase in 
creatinine content in any group of series 1. 

In series 2, with pyloric obstruction the length of life was not signifi- 
cantly increased by the giving of sodium chloride. It is interesting to 
note the great difference in the changes in nonprotein nitrogen in animals 
with jejunal obstruction and with obstruction at the pylorus. In the 
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latter the nonprotein nitrogen increased steadily until death, whereas in 
the former either there was no change or the average increase was small. 
The increase in nonprotein nitrogen was greater in animals receiving 
sodium chloride than in those receiving water, although the average 
chloride content of the blood in the former remained within normal 
limits. The group with pyloric obstruction which received sodium chloride 
showed the only constant increase in creatinine content in both series. 

From these experiments it is evident that sodium chloride was 
absorbed from the upper part of the intestine and the stomach in cases of 
jejunal and of pyloric obstruction. Previous experiments indicate that 
life is prolonged by giving water ad libitum in cases in which the 
upper part of the jejunum is obstructed. In the present experiments 
■duration of life was more than doubled when sodium chloride was given 
by mouth to animals with jejunal obstructions 25 cm. below the ligament 
•of Treitz. 

All animals of both series lost weight rapidly. The total loss of 
weight was in direct proportion to the duration of life. 

CONCLUSIONS 

A series of experiments on dogs with jejunal obstruction and a 
second series, on dogs with pyloric obstruction, are presented. In the 
first series, solution of sodium chloride, alcohol and a combination of 
solution of sodium chloride and alcohol, and in the second series, water 
and solution of sodium chloride were given orally, to determine their 
effect on the length of life and on the chemical character of the blood 
and the absorbability of sodium chloride in cases of obstruction, of the 
upper part of the bowel and of the stomach, respectivel}^ 

The life span of dogs with jejunal obstruction was more than doubled 
when they received sodium chloride rather than wafer only. 

Sodium chloride when given bj'^ mouth to animals with experimental 
jejunal obstruction was absorbed in sufficient quantity to maintain the 
chloride content of the blood at an average level just below nonnal. 
When water alone was given, there was a marked and constant decrease 
in the chloride content. 

Alcohol and a combination of alcohol and sodium chloride when 
given by mouth did not appreciably lengthen the life of the animals. In 
the group receiving the added sodium chloride chemical changes in the 
blood characteristic of untreated jejunal obstruction were prevented. 

In dogs with pyloric obstruction the drinking of solution of sodium 
chloride produced a greater increase in the nonprotein nitrogen content 
than did the drinking of water. This is in direct contrast to the effect 
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(if socliuiii chloride on dogs with jejunal obstrncliun. The chloride con- 
tenl of the hlocxl showed only a slight decrease below normal when 
sodium chloride was given, as compared with a marked decrease when 
water was taken, 'i'he typical increase in the carbon dioxide-combining 
jiowcr was evident in dogs receiving water, hut there was only a slight 
increase when sodium chloride was given. 'I'lie constant increase in 
creatinine content in dogs receiving sodium chloride was striking, since 
it did not (Kcur in any other group. 'I’lie rise in the nonjirOtein nitrogen 
and in the creatinine content in dogs with iwloric ohstrncti(3n which were 
given sodium chloride by mouth indicated that .sodium chloride did not 
offer the same jirotcxlion against these ch.’mges in animals with this type 
of obstruction as in those with obstruction of the jejunum. 



LEUKOCYTE EXHAUSTION FOLLOWING 
SURGICAL PROCEDURES 


JOHN VAN DUYN 2d, M.D. 

SYRACUSE, N. Y. 

It is often baffling to the surgeon when after an operation a patient 
takes an unexplained turn for the worse or follows a progressively 
downhill course without apparent reason. I have recently observed that 
in association with such a course examination of the blood frequently 
shows leukopenia, with a normal differential count and a marked shift 
to the left of the neutrophils. This picture signifies a wearing out of 
the leukopoietic power and offers an explanation of the patient’s lack 
of response to ordinary measures. This leukocyte exhaustion always 
indicates a serious prognosis and is probably more common than is 
generally realized. It therefore, I believe, deserves more recognition 
as a complication following surgical procedures. 

Leukocyte exhaustion was first described by Turk ‘ in 1907 and 
is usually considered as due to the “overwhelming irritation” of severe 
sepsis (Schilling^) or to “long continued infection as the result of a 
persistent drain” (Piney'’). The bone marrow is usually hyperplastic, 
with an abnormally large number of myeloblasts and immature neutro- 
phils. Gelatinous degeneration and a picture of almost complete aplasia 
may also occur.® Whether the damage, however, is primarily to the 
bone marrow or to some earlier link in the hemopoietic chain is not as 
yet known. 

I shall present 7 cases in which leukocyte exhaustion occurred. In 
all there was the characteristic leukopenia, with a marked shift to the 
left of the neutrophils. In more than half of the cases the degree of 
sepsis did not appear sufficient to have exhausted a normal leukopoietic 
power. It may be assumed, therefore, that in these cases the leukocyte 
reserve was at an abnormally low level before operation. Ihe term 
“low leukocyte reserve” will be used to designate this condition and to 

1. Turk, W. : Septische Erkrankungen bei Verkiimmerung des Granulozyten- 
systems, Wien. klin. Wchnschr. 20:157 (Feb. 7) 1907. 

2. Schilling, V. : The Blood Picture and Its Clinical Significance, St. Louis. 
C. V. Mosby Company, 1929, pp. 149-154 and 180. 

3. Piney, A.: Recent Advances in Hematology. Philadelphia, P. Blakistons 
Son & Co., 1931, pp. 146 and 162. 
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differentiate it from Doan’s * "low marrow reserve,” in which 
agranulocytosis rather than leukocyte exhaustion develops. 

I have separated the cases into two groups, depending on whether 
the leukocyte reserve is considered to have been normal or low. In 
group 1 arc 3 cases in which overwhelming or prolonged sepsis was 
necessary to cause the exhaustion, i. c., cases in which there was a 
normal leukocyte reserve. In group 2 arc 4 cases in which the .same 
picture was brought about by a lesser degree of strain, i. e., cases in 
which there was a low leu]<ocytc reserve. 

GROUP 1: UKUKOeVTK KXIIAUSTIOX IX CASKS IX WHICH 
THKRK WAS A NORMAL RKSKRVK 

Case 1. — J. H.. man aged 33, was admitted to the Croiise-Irving Hospital 
on July 6, 1937, with severe abdominal pain of three days’ duration. The onset 
of the severe pain had been sudden, and aside from .some .abdomin.al discomfort 
during the previous week the past history was not significant. 

Tadi.e 1 . — Blood Counts w Cose 1 


Date 

Ia;uko- 

cytes 

Xcutro- 
plill.s 
per Cent 

Lyinplto- Xonflliimciitcd 

cytes. Monocyte.', Xciitroplill.', 
per Cent per Cent per Cent* 

Comment 

7/7 

J.njO 

■s 

21 1 SS 

Liver extract (twice) 

7/S 

C.lOO 

lie 

7 0 S!i 

Liver extract (twice) 

7/0 

lUfCoO 

74 

20 0 SO 

Terminal count 


• FiKurcs indicate perccntiiKc ol total numt)cr of neutrophils. 


Directly after admission a laparotomy was performed, but the patient’s con- 
dition was so precarious that the c.xploration was interrupted and the abdomen 
closed with drainage. I.,atcr in the day cyanosis developed, and evidence of 
bronchopneumonia was present at the bases of both lungs. In spite of supportive 
measures, the downhill course continued, and death occurred on the morning of 
the third postoperative day. 

A blood count on the day after operation showed the characteristic picture 
of leukocj'te e.xhaustion. The total count was 4,9.S0 per cubic millimeter, with 78 
per cent neutrophils, 88 per cent of which were nonfilamented (table 1). Four 
injections of 3 cc. liver extract (concentrated) were given, but because of the 
rapidity of the downhill course, I shall attempt no interpretation of the results 
of therapy. 

Necropsy revealed a perforated duodenal ulcer on the anterior surface of 
the duodenum, acute generalized fibrinous peritonitis and bilateral broncho- 
pneumonia. Smears from the rib marrow showed marked hyperplasia of the 
myeloblasts, with few adult cells and even myelocytes. 

Comment . — In this case there was no reason to suppose that the leukocyte 
reserve was abnormal before operation, the degree of sepsis having been sufficiently 
severe to account for an “overwhelming” of the hemopoietic system. Not only 
was generalized peritonitis present for probably three full days, but there had 
been an abdominal operation and beginning pneumonia. 

4. Doan, C. A.: The Neutropenic State: Its Significance and Therapeutic 
Rationale, J. A. M. A. 99:194 (July 16) 1932. 
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Case 2.— N. R., a man aged 44, was admitted 'to the Hospital of the Good 
Shepherd, Syracuse University, on April 23, 1934, because of the recurrence of 
an appendical abscess. Six months before, the abscess had been opened and 
drained. The leukocyte response at that time was apparently adequate, and con- 
valescence progressed satisfactorily. 

Two weeks after admission a fistulous tract was excised and a large amount 
of pus drained from the right colic gutter and cecal area. In spite of this, the 
temperature continued elevated for over three weeks before finally falling to 
normal. Seven weeks later the temperature again rose, and after five weeks of 
almost continual fever an extensive lumbar abscess was opened and drained. The 
fever persisted, however, and when leukocyte counts were next taken, on Septem- 
ber 5 and September 11 (table 2), a picture of leukocyte exhaustion had developed. 

From this time on the patient began to lose ground even more rapidly, and 
his weakness finally became so alarming that a blood transfusion was given. 
After a period of temporary improvement, during which the leukopenia con- 


Table 2. — Blood Counts in Case 2 


Keutro- Lympho- Mono- JEosino- Bnso- Nonfilamented 



I/fluko- 

cytes 

phils. 

cytes. 

cytes. 

phUs, 

phils. 

Neutrophils, 

Date 

per 

Cent 

per 

Cent 

per 

Cent 

per 

Cent 

per 

Cent 

per 

Cent 

Comment 

4/25 

12,000 

so 

17 

3 

0 

0 

IS 


5/ 4 


, , 

, , 

, , 


, . 


Recurrent appendical 

5/ 7 

7,600 

80 

14 

4 

2 

0 


abscess drained 

8/ 6 

14,300 

78 

16 

6 

0 

0 



8/14 



, , 

, , 



, , 

lumbar abscess 

9/ 5 

4,400 

57 

27 

13 

3 

0 


drained 

9/11 

4,200 

53 

46 

0 

1 

0 

87 

Blood transfusion 

9/16 

, , 



, ^ 



9/18 

3,200 

61 

32 

6 

1 

6 

41 


9/20 






Administration of 

9/21 

5,500 

58 

SO 

10 

1 

1 

55 

powdered liver 
started 

9/24 

6,300 

63 

37 

0 

0 

0 



9/30 

5,100 

51 

44 

5 

0 

0 




tinned though the percentage of immature forms was lower (September 18, 
table 2), the temperature again became elevated. This time administration of 
powdered liver extract in doses of 1 drachm (3.88 Gm.) twice daily was started 
and continued until the patient was discharged. In two days the temperature 
was again normal and continued so. The leukopenia promptly disappeared, an 
the percentage of stab neutrophils remained only moderately elevated. The genera 
condition improved rapidly, and the patient was discharged from the hospital on 
October 23, just six months after admission. 

Cowntenf.-rThe blame for the leukocyte exhaustion in this case can^ certain!} 
be placed on "long continued infection as the result of a persistent drain. ^ 
for approximately six weeks between operations, the temperature ryas e eva e 
daily for over five months. The leukocyte picture at the time of admission s ovs 
an adequate reaction as regards both the total count and the maturity ° 
neutrophils (table 2), which is added evidence that the breakdown occurred in 
a previously healthy hemopoietic system. 

Case 3. — H. N., a woman aged 23, was admitted to the Hospital of the oo 
Shepherd, Syracuse University, on Aug. 8, 1934, with diarrhea and 
pain in the lower part of the abdomen of four days duration. Be 
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indefinite abdominal findings and a history of drinking well water, the patient was 
suspected of having typhoid and was treated accordingly. Si.v days later, how- 
ever, signs of peritonitis developed, and at operation a ruptured appendix was 
removed and the abdomen drained. 

For the first week postoperatively the patient did well, the temperature falling 
from 104 F. to nearly normal and the purulent discharge from the wound 
decreasing. During the next two weeks, however, the condition became pro- 
gressively worse, with the temperature steadily rising and the profuse discharge 
from the abdomen continuing. On the eighteenth jiostoperative day exploration 
for a suspected subphrenic abscess was unsuccessful, and three days later the 
patient died. Three blood transfusions were of only transitory benefit. 

Three leukocyte counts were taken. The first two showed a satisfactory 
number of leukocytes, but the final count, with leukopenia and a marked neutro- 
philic shift to the left, presented the characteristic picture of leukocyte exhaustion 
(table 3). 

Necropsy was not performed. 

Comment . — This patient sufTcred continually for about thirty-two days from 
rather severe sepsis. First there had been appendicitis, ne.xt peritonitis and finally 
an infection at the operative wound and a draining abdominal sinus. By the 
time the last complications set in the leiikopoietic power had become exhausted. 

Table 3. — Blood Counts in Case 3 




Ncutro- 

Lympho- 

Mono- 

Nonfllnmcntecl 


Lcuko- 

plills, 
per Cent 

cytc.». 

cytes, 

Neutroplills, 

Date 

eytes 

per Cent 

per Cent 

per Cent Comment 

8/ S 

13,300 

00 

9 

1 


8/13 

19,000 

84 

14 

O 

, , , 

9/ 4 

4.500 

SO 

20 

0 

100 Nine Iioiirs before death 


Consideration of the severity of the strain and the apparent adequacy of leuko- 
cytes at the first two counts suggests the probability that a normal leukocyte 
resen'c was present at tlie time of admission. 

A special point in this case is that more frequent blood counts might have 
indicated a beginning failure at an early enough time for the administration of 
liver extract and blood transfusions to have proved effective. 

GROUP 2: LEUKOCYTE EXHAUSTION IN CASES IN WHICH 
THERE WAS LOW RESERVE 

Case 4. — C. G., a man aged 44, was admitted to the Hospital of the Good 
Shepherd, Syracuse University, on Oct. 18, 1934, with severe pain in the lower 
part of the abdomen associated with vomiting and diarrhea of two weeks’ dura- 
tion. The illness had begun suddenly with the abdominal pain. 

The patient had had typhoid fever twenty-eight years before and malaria and 
dysentery since that time. There had been three previous admissions. The first, 
six years before, had been for ischiorectal abscess, and the second, four years 
before, for a recurrence of the dysentery. On both occasions blood counts had 
shown adequate leukocytes. At the time of the third admission, two years 
before, the patient had been acutely ill with cholecystitis of twelve hours’ dura- 
tion. He was treated conservatively for three weeks, after which time an infected 
gallbladder was removed and a contiguous hepatic abscess drained. The inter- 
esting point in connection with this admission is that a blood count only two days 
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after the onset of the acute illness Showed leukopenia (3,500 white blood cells, 
78 per cent polymorphonuclears, 15 per cent lymphocytes and 7 per cent mono- 
nuclears). The leukopenia disappeared, however, during the interval and did 
not reappear either before or after the operation. 

When admitted in 1934, the patient was in such poor condition that an opera- 
tion was not attempted. The course was steadily downhill, and death occurred 
eleven days later. Table 4 clearly shows the e.xhaustion of leukopoiesis, a leuko- 
penia with marked shift to the left persisting until the final count, one hour 
before death. One blood transfusion was given ten hours before death. 

At necropsy a perforated ulcer of the cecum, acute colitis, generalized peri- 
tonitis and pulmonar}' congestion and edema were observed. The microscopic 
diagnosis was acute splenic tumor, central necrosis and fatty changes in the 
liver, toxic changes in the kidneys and ulcerative undermining colitis, apparently 
due to amebic infection. Studies of bone marrow were not made. 

Comment . — I do not know, of course, how long before admission the picture 
of leukocyte exhaustion had been present. The cecal ulcer had undoubtedly per- 
forated two weeks before, and peritonitis of such duration certainly constitutes 
an “overwhelming irritation." Two years before, however, leukopenia had been 
present during an attack of cholecystitis, suggesting that a low leukocyte reserve 


Table 4. — Blood Counts in Case 4 




Neutro- 

Lympho- 

Mono- 

Eosino- Nonfilnmented 


Lcuko- 

phils. 

cytes. 

cytes. 

Phils, 

Neutrophils, 


per 

per 

per 

per 

per 


Date 

cytes 

Cent 

Cent 

Cent 

Cent 

Cent 

Comment 

10/19 

4,000 

70 

29 

0 

1 

97 


10/23 

3,000 

GO 

.13 

5 

2 

93 


10/26 

4,200 

67 

30 

3 

0 

. , 


10/28 






Blood transfusion 

10/29 

12,000 

67 

si 

2 

6 

91 

Count taken one hour 






before death 


existed at that time. It is probable, therefore, that the leukopoietic function was 
still subnormal at the onset of the present illness. 

It may be that in this case the many serious illnesses extending back for 
twenty-eight years resulted in a permanent impairment of the leukocyte reserve. 

Case 5. — B. F., a man aged 67, was admitted to the Hospital of the Good 
Shepherd, Syracuse University, on April 8, 1935, with severe abdominal pain, 
which had begun suddenly five hours before. Throughout the previous year the 
patient had noticed that his stools were getting smaller and occurring at more 


frequent intervals than usual. 

The patient was found to have an annular carcinoma of the rectum, but 
because of the seriousness of his general condition operation was not considered. 
Thirty-six hours after being admitted he died. The blood count showed a typica 
picture of leukocj’te exhaustion (table 5). 

At necropsy the anatomic diagnosis was carcinoma of the rectum, perforaUon 
of the large intestine, generalized peritonitis and generalized arteriosclerosis. £ 
significant microscopic observations were rather marked pigmentation of the ■' ec 
and the spleen and rather marked hyperplasia of the bone marrow, with some 
apparent hemorrhage and a few adult cells of the myeloblastic series. 

Comment ^The amount of strain required to bring about leukocyte exhaustion 
in this case was apparently small. The first blood count was taken one 
admission, so that only six hours had elapsed since the rupture of the ulcer 
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the beginning of peritonitis. Just ^s•llal part the carcinoma played eitlicr in pro- 
ducing toxicity or in causing malnutrition can only be speculated on. Whatever 
the cause, the Icukopoictic power of this patient must have been markedly impaired 
before the rupture of the ulcer. The peritonitis itself in that short time could 
have acted only as a “last straw.” 

Case 6. — H. S., a woman aged 33 years, was admitted to the Syracuse 
Memorial Hospital on June 20, 1934, with symptoms of acute appendicitis. She 
had had four normal pregnancies, the last one six years before. 

At operation bilateral acute salpingitis was found. The abdominal contents 
were not disturbed, and tbe wound was closed without drainage. At first the patient 
did well, but on the second postoperative day there were marked abdominal dis- 
tention and vomiting. Although a blood count at the lime of admission had 
shown an adequate number of leukocytes, one t.akeii at this time showed the 
characteristic picture of leukocyte exhaustion (table 6). 


Table S . — Blood Counts in Case 5 



Xcutroplills, 

Lymplio- 

cytes, Monocytes, 

Xonfllamonted 

^■cutropl^lIs, 

Date 

Leukocytes per Cent 

per Cent 

per Cent 

per Cent 

4/S a.m. 

4/S p.m. 

e.lOO 

3, COO 70 

24 

C 

93 


* Table 6. — Blood Counts in Case 6 




Date 

Lcuko- 

Xcutro- Lyinplio- 
plill.c, cytes niul 
per Monocytes 

Lo.slno- 

plills, 

, i)cr 

Jlaso- 

plilLs, 

per 

Nonfiln- 

inented 

Kcutrophlls, 

cytes 

Cent per Cent 

(’ent 

Cent 

per Cent 

Comment 

G/20 

10,400 

91 0 

0 

0 


Admis.sion 

0/21 

3,000 



, , 


Operation 

0/22 

S 2 is 

6 

0 

'to 

Liver c.vtract and blood 

0/23 

3,200 

G7 32 

1 

0 

so 

transfusion given 

0/24 

3,500 

C5 3.1 

0 

0 

74 

Liver extract 

0/2.7 

5,600 

72 28 

0 

0 

53 

Liver extract 

0/20 

0,800 

82 10 

2 

0 

37 


G/2S 

10»200 

70 20 

1 

0 

37 


7/ 0 

5,300 

57 41 

2 

0 

39 


7/11 

0,800 

53 42 

4 

1 

33 

Discharge 


One dose of 3 cc. of liver extract (concentrated) was given and followed 
by a blood transfusion. By the morning of the next day the distention had 
subsided, and recovery continued uneventfully. The picture of exhaustion per- 
sisted for several days, a return of the blood count to normal following two 
more injections of liver extract (table 6). Between the time of the operation 
and the next leukocyte count 30 cc. of a derivative of sulfanilamide known as 
prontosil (the disodium salt of 4-sulfamidophenyl-2'-azo-7'-acetylamino-T-hydroxy- 
naphthalene-3',6'-disulfonic acid) and 45 grains (2.91 Gm.) of sulfanilamide had 
been administered. With the discovery of leukocyte exhaustion, however, this 
treatment was discontinued. 

Comment . — ^The initial response to the salpingitis and the localized peritonitis 
seemed to have been entirely adequate, but the added strain of the abdominal 
operation was apparently too great for the hemopoietic system. The use of 
sulfanilamide and its derivatives is not considered a factor in leukocyte exhaus- 
tion, the only white cell dyscrasia as yet reported following such medication being 
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agranulocytosis.® It is probable, then, that a low leukocyte reserve existed prior to the 
onset of the present illness and that in this case the “last straw” was the operation. 

Case 7. K. B., a woman aged 34 years, was admitted to the Syracuse Memorial 
Hospital on Jan. 3, 1936, for her second delivery. Her first pregnancy, four 
years before, had been complicated by influenza and bilateral otitis media and the 
puerperium by a mastoiditis requiring mastoidectomy. The leukocyte count on 
the first day post partum had shown an adequate number of leukocytes (15,700, 
with 87 per cent polymorphonuclears), but at the time of the mastoidectomy, one 
month later, the count had been only 6,500 per cubic millimeter, with 59 per cent 
polymorphonuclears. 

The second pregnancy and delivery were uneventful. On the third day post 
partum, however, the abdomen became distended, and vomiting began. The dis- 
tention continued to increase until four days later, when peristaltic waves were 
observed, and a laparotomy was performed. At operation the colon was found 
to be greatly distended as far as the splenic flexure, and the angulation at that 


Table 7. — Blood Counts in Case 7 


Date 

Leuko- 

cytes 

Neutro 

phils, 

per 

Cent 

■ Lympho- 
cytes and 
Monocytes, 
per Cent 

Eosino- 

phils, 

per 

Cent 

Baso- 

phils, 

per 

Cent 

Nonflla- 
mented 
Neutrophils, 
per Cent 

Comment 

1/ 4 

7,000 

71 

28 

3 

0 


First day post partum 

1/10 

3,500 

74 

23 

3 

0 

9i 

Operation; liver extract 
given 

% 

1/11 

4,300 

70 

29 

1 

0 

87 

1/12 

5i900 

74 

25 

1 

0 

51 

Liver extract given 

1/13 

6,700 

80 

18 

2 

0 

43 

Liver extract given 

1/14 

7,100 

72 

25 

3 

0 

26 

1/15 

7,200 

74 

24 

2 

0 

28 


1/16 

7,000 

68 

SO 

2 

0 

43 


1/17 

8,300 

68 

29 

S 

0 

28 


1/18 

6,900 

66 

34 

0 

0 

29 


1/19 

5,900 

61 

35 

4 

0 

16 


1/20 

5,300 

55 

40 

5 

0 

31 

Liver extract given 

1/25 

12,400 

90 

S 

2 

0 

58 

1/2G 

4,300 

61 

38 

1 

0 

10 

Menses start 

1/27 

4,100 

40 

56 

1 

3 

20 

Liver extract given 

1/28 

4.300 

43 

48 

6 

3 

16 



point was apparently the reason for the mechanical symptoms. An appendicostomy 
was the only procedure undertaken and the abdomen was closed without drainage. 

The leukocyte count just before operation showed a typical picture of exhaustion. 
The total count was 3,500 per cubic millimeter, with 74 per cent polymorpho- 
nuclears, 91 per cent of which were nonfilamented forms (table 7). Intramuscular 
injections of liver extract (concentrated) were begun immediately and given m 
doses of 3 cc. every two days for three doses. 

After operation and the beginning of liver therapy the patient improved rapid y. 
As the distention subsided, the leukocyte count rose and the percentage of immature 
forms fell (table 7). Recovery was thereafter uneventful, except for a temporaiy 
recurrence of distention which coincided with the strain of premenstrual leukocj'tic 

infiltration of the uterus.® _ , 

An increase in the neutrophilic shift to the left was again present, thougn 
this time associated with leukocytosis instead of leukopenia (table 7). 


5. Eorst, J. G. G.: Death from Agranulocytosis After Treatment with 

Prontosil Flavum, Lancet 1:1519 (June 26) 1937. _ matin- 

6 Novak E., and Telinde, R. W.: The Endometrium of the Menstruat = 

Uterus J. A. M. A. 83:900 (Sept. 20) 1924. 
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therapy was again followed by a disappearance of the distention and a return 
of the leukocyte count to normal. It should be noted, however, that the pre- 
.menstrual strain itself is only transitory. Nine days after the recurrence of dis- 
tention the patient was discharged. 

Comment . — In this case it apparently required only the demands of a normal 
delivery preceded by a normal pregnancy to bring on the picture of leukocyte 
exhaustion. This means that even at the time of the patient’s admission to the 
hospital the leukocyte reserve was probably low. It should be recalled that 
during the acute mastoiditis which followed the previous delivery there were only 
6,500 leukocytes per cubic millimeter — obviously an inadequate number. This sug- 
gests that a low leukocyte reserve had been present four years before. 


GENERAL COMMENT 

This series of cases illustrates not onlj' the importance of leukocyte 
exhaustion as a complication following surgical procedures, but the 
possibility of its occurrence when least e.xpected, the latter point being 
illustrated by the extreme variability in the degree of strain required 
to bring it about. On the one hand, overwhelming sepsis may be 
necessary, as in case 1, and on the other, merely the strain of a normal 
deliver}', as in case 7. 

Five cases have been reported recently, 2 by Rosenthal " and 3 by 
Rosenthal and Kugel,® in which this blood picture was observed. 
The condition was named “hypoleukocytic angina” to distinguish it 
from agranulocytic angina. In 2 cases (case 11" and case 2®) the 
exhaustion developed spontaneously, illustrating a complete lack of 
leukocyte reserve. In the other 3 (case 12" and cases 1 and 3®), it 
followed miliar}' tuberculosis, an abdominal operation and streptococcic 
laryngitis, respectively. 

Leukocyte exhaustion, then, has already been recognized, as it 
occurs not only in cases of severe or prolonged sepsis but in cases of 
much milder strain and even in cases in which there is no strain at 
all. My aim is to emphasize to the surgeon the importance of keeping 
it in mind as a possible complication of any degree of surgical strain 
and of discovering its presence early. This means : ( 1 ) that leukocyte 
counts should be made at the time of admission and especially before 
operation for the detection of any immediate abnormality and for pos- 
sible future comparisons ; (2) that counts should be made every day 
or two when severe sepsis is present, in order to detect leukocyte 
exhaustion at an early stage; (3) that they should be made whenever 
a patient’s condition takes an unexplained turn for the worse, especially 
postoperatively and in the presence of abdominal distention, even in 

7. Rosenthal, N. : Hematological Aspects of Agranulocytosis and Other Dis- 
eases Accompanied by Extreme Leukopenia, Am. J. Clin. Path. 1:7 (Jan.) 1931. 

8. Rosenthal, N., and Kugel, M. A. : Hypoleucocytic Angina : An Unusual 
Form of Infectious I.eucopenia, J. Lab. & Clin. Med. 19:344 (Jan.) 1934. 
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the absence of demonstrable infection. The percentages of non- 
filamented neutrophils should, of course, be determined at every count. 

The steps in the process of leukocyte exhaustion are, according to 
Schilling,^ as follows : First, there is the leukocytosis with neutrophilia 
and increasing shift to the left. With continued irritation the shift to 
the left becomes more marked; myelocytes appear, and the total count 
falls even to the point of leukopenia. If the sepsis is of long standing, 
the shift may be “degenerative” rather than “regenerative”— that is, 
show a great increase of stabnuclears without young forms. In the 
cases reported no attempt has been made to differentiate the "regener- 
ative” from the “degenerative” shifts. 

In both case 6 and case 7 it is interesting to note that a paralytic 
type of abdominal distention was associated with a picture of leukocyte 
exhaustion. In each case relief of the distention coincided with or was 
followed by a return of the blood picture to noi'inal. This suggests that 
a possible relation exists between a low leukocyte reserve and a low 
threshold for paralytic ileus. 

The treatment of leukocyte exhaustion should probably be the same 
whether a severe or a mild strain is required to bring it about. In the 
cases reported, administration of liver extract, both orally and intra- 
muscularly, and blood transfusions appeared to be of great value if 
administered early enough in the course of the leukopoietic breakdown. 

CONCLUSIONS 

1. Leukocyte exhaustion (leukopenia with marked neutrophilic shift 
to the left) is an important complication following surgical procedures 
because of its apparent frequency and the seriousness of the prognosis. 

2. Leukocyte exhaustion is usually associated with overwhelming 
or prolonged’ sepsis but may occur after mild strain, in which case a 
low leukocyte reserve may be assumed to have existed. 

3. There appears to be a relation between leukocyte exhaustion in 
patients with extremely low leukocyte reserve and paralytic abdominal 
distention. 

4. The administration of liver extract and blood transfusions appear 
to be effective therapeutic measures for combating leukocyte exhaustion 
if undertaken early and if sepsis is not too severe. 


713 East Genesee Street. 



EXPERIMENTAL ADMINISTRATION OF DUODENAL 
CONTENTS TO DOGS WITH ACUTE HIGH 
INTESTINAL OBSTRUCTION 
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Attention has been called repeatedly to the similarity between the 
symptoms of acute high intestinal obstruction and those of duodenal 
fistula. Without going into a detailed review of theories as to the cause 
of death after high intestinal obstruction, we may say that considerable 
evidence has been presented that the loss of the contents of the upper part 
of the intestine by vomiting is a most important, or the most important, 
factor. The fact that dogs with a duodenal fistula suffer a rapid drop in 
blood chlorides, deh 3 ’dration, rise of carbon dioxide-combining power 
and death within a few days, as shown by Eisberg ^ and by one of us,“ 
strongly suggests that the loss of duodenal fluid by vomiting is of prime 
significance. 

Although the loss of pancreatic juice alone produces symptoms the 
same as or similar to those enumerated above, it cannot be stated as 
j^et that this loss of pancreatic juice is the sole cause of the symptoms 
produced by duodenal fistula. As pointed out by Draper Maury " in 
1910, when an intestinal obstruction is produced in dogs above the level 
of the bile and pancreatic ducts the animals live for a considerable 
time ; but when the obstruction is below this level the period of survival 
is only a few days. Draper also showed that if the bile duct was trans- 
planted below the level of the obstruction there was no difference in 
the outcome; but when the pancreatic ducts were transplanted below 
the level of the obstruction “a large proportion” of the dogs lived. 

From the Department of Experimental Surgery of the Creighton University 
School of Medicine. 

1. Eisberg, H. B. ; Experimental Intestinal Obstruction, Ann. Surg. 74; 
584, 1921. 

2. Hill, F. C. ; Neigus, L, and Wilhelmj, C. M. : Method of Preparing 
Duodenal Pouches for Use in Experimental Work, J. Lab. & Clin. Med. 19 : 
1126, 1934. 

3. Draper Maury, J. W. ; Death in Acute Intestinal Obstruction and Kindred 
Conditions Is Due to Physiologic Disturbance, J. A. M. A. 54: S (Jan. 1) 1910. 
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Jenkins ^ drained the duodenum and upper part of the jejunum into 
the ileum and anastomosed another portion of jejunum, the lower end 
of which was obstructed, to, the stomach. The obstructed part thus 
consisted of stomach and a length of jejunum which had been connected 
to the stomach, and the duodenal contents were drained into the ileum 
and not lost. He found that the dogs lived from twelve to thirty-three 
days, suffered a gradual loss of weight, vomited occasionally and showed 
a gradual fall in blood chlorides and a gradual rise in carbon dioxide- 
combining power. After similar transplantation of the duodenum by 
Eisberg and Draper the dogs lived seventeen days, as compared to 
six days with a simple high obstruction. 

Morton and Pearse “ stated that in several operations on their 
patients, they performed an anastomosis between obstructed and col- 
lapsed loops of bowel, diverting the contents around the obstruction, 
and obtained favorable results. Haf tWell, • Hoguet and Beekman’’ and 
Haden and Orr ® showed that in simple high intestinal obstruction in 
dogs life can be prolonged to as long as a month by the administration 
of sodium chloride. Mclver and Gamble “ and others expressed the 
belief that in simple obstruction the symptoms are due to gradual 
dehydration and to disturbance of the acid-base equilibrium. Evidence 
has also been produced by Elman and Hartman that the loss of pan- 
creatic juice causes death by dehydration and by the loss of base 
bicarbonate, and they have shown that life in such dogs is prolonged 
by the administration of a physiologic solution of sodium, potassium and 
calcium chloride. Jenkins,^^ who found that in dogs with a transplanted 


4. Jenkins, H. P. : Experimental Ileus : I. High Obstruction with the 
Biliary, Pancreatic and Duodenal Secretions Shortcircuited Below the Obstructed 
Point, Arch. Surg. 19 : 1072 (Dec.) 1929. 

5. Eisberg, H. B., and Draper, J. W. : Intestinal Obstruction, J. A. M. A. 
71:1634 (Nov. 16) 1918. 

6. Morton, J. J., and Pearse, H. E. ; Similarity in the Effect of Experi- 
mental High Intestinal Obstruction and High Complete Intestinal Fistula, Ann. 
Surg. 94: 263, 1931. 

7. Hartwell, J. A. ; Hoguet, J. P., and Beekman, F. ; An Experimental Study 
of Intestinal Obstruction, Arch. Int. Med. 13 : 701 (May) 1914. 

8. Haden, R. L., and Orr., T. G.: Obstruction of the Jejunum: The Effect 
of Sodium Chlorid on the Chemical Changes in the Blood of the Dog, Arc i. 
Surg. 11 : 859 (Dec.) 1925. 

9. Mclver, M., and Gamble, I. L. : Body Fluid Changes Due to Upper Intes- 
tinal Changes, J. A. M. A. 91 : 1589 (Nov. 24) 1928. 

10. Elman, R., and Hartman, A. R: Cause of Death Following the Kap y 
Total Loss of Pancreatic Juice, Arch. Surg. 20 : 333 (Feb.) 1930. 

11. Jenkins, H. P.: Experimental Ileus: 11. High ' 

Biliary. Pancreatic and Duodenal Secretions, Along with Food and Sod 
Chloride Entering the Bowel Below the Obstructed Point, Arch. Surg. • 
(Nov.) 1932. 
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duodenum there developed a low chloride content of the blood and a 
high carbon dioxide-combining power, demonstrated that if in addition 
to the previously described operation the dogs were fed milk, cream 
and sodium chloride through an enterostomy opening this change in 
blood chemistry did not occur. These dogs lived from four days to five 
weeks and showed only gradual loss of weight. 

In spite of the fact that the giving of chloride intravenously produces 
such remarkable results in prolonging the lives of dogs with high intes- 
tinal obstruction, thus far, unfortunatcl)', no such pronounced effect has 
been observed in the mortality rate of human patients similarly treated. 
It seems evident that for human beings, at least, some other measure 
of treatment must be evolved. 

A somewhat different approach to the problem was suggested by 
White and Fender when they collected the vomitus from dogs with 
high intestinal obstruction and injected it below the obstruction through 
an enterostomy opening. They used only 2 dogs, 1 of which lived a 
month and the other two weeks. No signs of toxemia developed. 

EXPERIMENTS 

Because there are certain difficulties which arise when one attempts 
to collect vomitus from dogs and which will be mentioned later, we 
have chosen what we believe to be a more direct approach to the prob- 
lem. 

\Vc have introduced duodenal contents into the intestine below the level of a 
high obstruction in a series of dogs, in order to determine the importance of 
duodenal juices in prolonging life. A total of 12 dogs was used, 4 of which 
served as controls. In all the animals an enterostomy was performed by dividing 
the duodenum below the lower pancreatic duct, bringing out the distal end and 
closing the proximal end by inversion and suture. The duodenal contents were 
obtained from additional dogs used as donors, by performing gastrostomy and 
passing a duodenal tube through the opening into the duodenum. These dogs 
were trained to lie quietly on a table for hours at a time, and in most cases a 
fairly free flow of duodenal juices could be obtained, particularly if a small 
amount of tenth-normal hydrochloric acid was injected through the duodenal 
tube from time to time. 

Of the 4 control animals, 2 received from 600 to 800 cc. of physiologic splu- 
tion of sodium chloride a day by hypodermoclysis, 1 received 300 cc. of this 
solution through the enterostomy opening and 1 received no fluid. The duration 
of life was from two to seven days with an average of four and three-fourths 
days, the dog which lived longest being the one which received no fluid. The 
other 8 animals received from 250 to 300 cc. of duodenal juice a day through the 

12. White, J. C., and Fender, F. A.: Cause of Death in Uncomplicated High 
Intestinal Obstruction : The Experimental Evidence to Show That Death Is 
Due Not to Toxemia, But to the Loss of Digestive Fluids and Salts, Arch. Surg. 
20 : 897 (June) 1930. 
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enterostomy opening, and 600 to 800 cc. of physiologic solution of sodium chloride 
was administered by hypodermoclysis. These dogs lived from two to thirteen 
days, with an average of four and one-half days. V omiting occurred in only 2 
cases among the 12 dogs, and in these was only occasional and the amount of 
vomitus was small. Of the entire series of dogs, death was due to peritonitis in 3. 
In all the others no gross pathologic conditions could be demonstrated except that 
the intestine distal to the obstruction was contracted and there was considerable 
fluid in the stomach. 

Because of the negative results of these experiments, another series of 6 dogs 
was used. In these animals 350 to 400 cc. of the duodenal contents of freshly 
killed hogs was injected daily through the enterostomy opening. No injections 
of saline solution were given in this series. The animals lived from two to four 
days, with an average of three days, and the observations were negative at necropsy 
in all dogs e.xcept 1, which probably had early peritonitis. 


COMMENT 

In considering the data which we have obtained we note two strik- 
ing features : The first is that although physiologic solution of sodium 
chloride was given in reasonable amounts the lives of these dogs were 
not conspicuously prolonged. The animals differed from those of previ- 
ous investigators in having an enterostomy opening in addition to an 
obstruction. However, because the duodenum was obstructed above 
this opening there was no possibility that the contents of the 
upper part of the duodenum would be lost. In addition, the fistula was 
of the nonleaking type, being so connected that peristalsis would tend 
to prevent leakage from it. One would not have expected this to affect 
materially the duration of life. The second rather surprising feature 
was the fact that vomiting occurred so seldom. In man the most con- 
spicuous feature of an obstruction which has been present for several 
hours is vomiting — profuse, frequent and stercoraceous. In our dogs 
vomiting was rare, and never did it approach the human type. It is 
evident, then, that any attempt to use vomitus in the therapy of obstruc- 
tion is attended by no inconsiderable difficulty. 

CONCLUSIONS 

From the experiments conducted we believe the following con 
elusions may be drawn: 

1. Duodenal content administered to dogs through an enterostom} 
opening below the level of a high intestinal obstruction is not effective 
in prolonging life. 

2. Physiologic solution of sodium chloride administered b} }PO 
dernioclysis to dogs with duodenal obstruction and an enterostom) open 
ing does not prolong life. 
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3. In dogs with duodenal obstruction if nothing is given by mouth 
vomiting occurs onl}' rarely. 

4. The average duration of life with duodenal obstruction and 
enterostoni)" is a little over four days, and at necropsy gross examina- 
tion yields no indication of tlie cause of death. 



LINGUAL THYROID 


BRONSON S. RAY, M.D. 

NEW YORK 

Of the developmental anomalies of the thyroid gland, lingual thyroid 
is the most unusual and the most interesting. It has rarely been the priv- 
ilege of one person to observe more than a few cases in a lifetime. 
Clute mentioned but 2 cases in a series of over 8,500 cases of thyroid 
disease. There was incentive, therefore, for reviewing the subject after 
I encountered the following remarkable case: 

REPORT OF CASE 

A 39 year old spinster was admitted to the surgical ward on March 30, 1936, 
because of a tumor at the base of the tongue. Her family history and past 
history were not remarkable. She had always had good health until at the age 
of 37 menorrhagia from uterine myomas developed. Hysterectomy and unilateral 
oophorectomy had been performed in June 1935. 

She consulted her physician in December 1934 about menorrhagia, and 
routine physical examination revealed a tumor at the base of the tongue. When 
her slightly thick nasal speech was pointed out, she stated that this might 
have been coming on for some years and that she had given it little atten- 
tion. However, she recalled that when she was 28 her throat had been carefully 
examined after a fishbone had lodged there and that nothing had been said then 
of any abnormality of the throat or the tongue. 

Outpatient Record . — In February 1935 the tumor at the base of the tongue 
was observed to be smooth, firm, nonmovable on the tongue and nontender. It 
extended across the width of the tongue and when the tongue was pulled forward 
largely filled the pharyngeal orifice (fig. 1). At that time a diagnosis of malig- 
nant tumor of the tongue was made, although aberrant thyroid was mentioned 
as a possibility. There were no symptoms or signs of hyperthyroidism or hypo- 
thyroidism, and the basal metabolic rate was — 3 per cent. 

During April 1935 roentgen therapy (3,360 r) was given to the tumor, and 
this was followed by a slight but definite decrease in its size. 

In August 1935 three gold radon seeds (1.7 millicurie each) were introduced 
into the substance of the tumor. Six weeks later there was some local reaction, 
evidenced by fibrinous exudate over the tumor and by enlarged tender submandib- 
ular nodes. 

In January 1936 administration of iodine (syrup of hydriodic acid) was starte 
and continued for six weeks ; there was no obvious effect on the tumor. The 
patient began to have a disagreeable taste, and the breath became foul. A small 

From the Department of Surgery of the New York Hospital and Cornell 

Medical College. , 

1. Clute, H. M., in discussion on Miller, R. H. : Lingual Goiter, New Eng 
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necrosing point appeared on the surface of the tumor, and a probe could be 
passed deeply into the tumor through this point. Presumably there was a central 
slough resulting from the radon, and this was draining into the mouth. 

Admission io Hos{^ilal (March 30, 1936). — The patient’s only complaint at 
the time of admission was the disagreeable taste. She admitted that her tongue 
was slightly unwieldy and her speech somewhat thick and nasal, but she stated 
that she had no sore throat, dilliculty in swallowing or difficulty in breathing. There 
were still no symptoms of diminished or excessive activity of the thyroid gland. 
She had lost about 20 pounds (9 Kg.) in two months, because the foul taste 
had caused complete loss of appetite. In general appearance she was ruddy, 
healthy and well proportioned. Her weight was 130 pounds (59 Kg.). The gen- 
eral physical examination revealed nothing unusual aside from the lingual tumor. 
The pulse rate was 80, the blood pressure 130 systolic and 85 diastolic and the basal 
metabolic rate -j-8 per cent. A roentgenogram showed the outline of a mass at 
the base of the tongue and downward displacement of the epiglottis (fig. 2). The 
diagnosis was lingual thyroid with central necrosis. 



Fig. 1. — Appearance of lingual thyroid with the tongue pulled gently forward 
(drawing by L. Fletcher). 

First Operation (April 7, 1936). — Under local anesthesia the neck was widely 
explored for thyroid and parathyroid tissue through a transverse incision. At the 
usual sites there was no glandular tissue, nor was any such found elsewhere, 
though the dissection was carried well below the sternal notch and above the hyoid 
bone. Furthermore, examination of both external carotid arteries showed no 
superior thyroid vessels. Recovery from the operation was prompt and uneventful. 

It seemed likely that all the patient’s thyroid tissue existed in the lingual 
tumor. Because of this, operation might have been withheld, but because of the 
foul odor from the necrosis, which was becoming more and more disagreeable 
to the patient, and because of the constant danger of hemorrhage from the same 
source, operation appeared unavoidable. 

Second Operation (April 22, 1936). — A tracheotomy was done during lo<5al 
anesthesia through a small incision below the previous exploratory incision. In the 
next few days the patient learned to tolerate the tracheotomy tube with ease, and 
the tissues healed nicely. 

Third Operation (May 4, 1936). — During anesthesia induced with avertin plus 
ether administered through the tracheotomy tube, the tumor was approached 
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through the mouth. The tongue was pulled forward, and soft sea sponges were 
placed in the pharynx to collect blood and mucus. Double medium silk sutures 
were placed deeply through the tongue at intervals around the base of the tumor 
both for traction and for temporary hemostasis. An incision widely encircling the 
opening of the necrotic sinus was made through the mucosa overlying the tumor. 
The tumor, which proved to be fairly well encapsulated, was then shelled out of 
its bed by combined blunt and sharp dissection. As the silk tractive and hemostatic 
sutures were removed, bleeding from the tumor bed was controlled by transfixion 
sutures of chromic catgut. Finally, the lappet of mucosa was pulled across the 
raw surface and sutured in place. 



Fig. 2. — Lateral roentgenogram, showing the outline of the mass at the base 
of the tongue, which partly fills the pharynx and depresses the epiglottis. One of 
the three radon seeds can still be seen in the substance of the tumor. 


Attempted Thyroid Transplant; Immediately after this operation was com- 
pleted, several thin sections (1.5 by 5 by 5 mm.) were cut from the tumor in a 
region not involved by necrosis. These were passed through sterile saline solution 
in the hope of avoiding infection and then implanted in the rectus abdominis muse e. 
As feared, however, the wound soon showed evidence of infection, and the ’ 
ing tissue extruded itself when the edges of the wound were spread on the ’ 

postoperative day. _ 

Course: Aside from loss of the transplants, the early postoperative course 
not unusual. The patient suffered surprisingly little discomfort from the opera 
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and tbe traclicdtoiny tulic was removed on the scvciUh day. On the morning of 
the ninth day hlecdinij aj)iW'"'cd from the wound at the base of the longue and 
increased with alarming raindity. Conservative measures failed, and the patient 
went into hemorrhagic shock as she was being transported to the operating room 
two hours after the bleeding had started. 

}-otiiih Operatinu iMny IS, ]^S6 ). — With the patient in an extreme Trendelen- 
burg position and with the tongue digitally compressed to retard the bleeding, 
ether anesthesia was induced with difliculty. (The tracheotomy tube, which, unfor- 
tunately, had been removed two days previously, would have served well in this 



Fig. 3. — Diagrammatic section, showing the position of the lingual thyroid. 
Cavitation and a sinus connecting it with the mouth can be seen (drawing by 
1- Fletcher). 


emergency.) The bleeding was largely c<jntro!lcd by a deep .suture through the left 
side of the base of the tongue, hut as a further safeguard against a recurrence, an 
incision was made in the neck and the left lingual artery ligated near its origin 
from the external carotid artery. The lingual artery was the first branch off the 
external carotid in this instance, because the superior thyroid artery, ordinarily the 
first branch, did not exist. After the ligation, bleeding from the tongue stopped 
completely and the left side blanched temporarily. 
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Course: After several transfusions of blood, recovery was rapid, and the 
subsequent course in the hospital was satisfactory. There were no signs of parathy- 
roid deficiency, and the basal metabolic rate before discharge was — 7 per cent. 

Pathologic Picture . — The tumor measured 5 by 3 by 3 cm. The solid part 
appeared adenomatous and contained yellowish, necrotic-looking material not very 
suggestive of the gross picture of thyroid tissue. The cavity of the tumor measured 
3 by 1.5 cm. and was filled with foul, sloughing granulation tissue (fig. 3). 

Microscopically (fig. 4), the tissue near the cavity showed inflammatory 
changes, but sections bordering on this area had the 'appearance of long-standing 
fetal adenoma of the thyroid. In other words, the thyroid acini were lined with 
low cuboidal epithelium, frequently empty and widely separated by hyaline connec- 



Fig. 4. — Photomicrograph showing fetal pattern of the thyroid. 

tive tissue. Possibly one twentieth of the acini contained colloid material, most of 
which was “immature colloid.” Other sections showed numerous cordlike masses 
of metaplastic cells of thyroid origin. Whether these represented reaction to sur 
rounding inflammation with marked involution or early neoplastic changes vas 
somewhat difficult to decide, but the former h}'pothesis seemed more tenable, 
parathyroid tissue was found. 

FoUon'-Up . — The patient has been observed at regular intervals during the 
fifteen months since operation. The previously thick speech soon was replace \ 
by clear articulation. Although myxedema had been anticipated, she has steadfast 
maintained that her health is excellent and she has no complaints. There has be ^ 
no listlessness, no complaint of feeling cold, no falling out of hair, no • 

of skin and no inordinate gain in weight. Only after eight months vas s^t-/ 
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puffiness noticed .iboiit the eyes. The following tabulation of the pulse and the 
basal metabolic rate during the period of observation indicates a gradually increas- 


; hypothyroidism : 


Weight 

(Kg.) 

Pulse 

Rate 

B.M.R. 

(%) 

Before Operation 

Feb. 27, 1935 

65.5 

80 

—3 

Operation 

Apr. 2, 1936 

May 4, 1936 

55 

84 

-fS 

After Operation 

Mav 25, 1936 

51 

64 

—7 


March 23, 1937 

66 

74 

—17 


Mav 24, 1937 

67 

76 

—18 


lulv 24, 1937 

68 

64 

—19 


A year after operation a small firm nodule about 6 nun. in diameter was 
noticed far back on the surface of the tongue; this, in all likelihood, was a residual 
and hypertrophied nodule of thyroid tissue. 

Comment . — In this case all the patient’s thyroid tissue e.xisted in the gland 
at the base of the tongue. Its function was adequate, and although it had attained 
fair size it caused no distress. No doubt it began to grow some time after the 
age of 28 and might never have been noticed if it had not been found on routine 
physical examination. Unfortunately, it was thought at first to be a neoplasm 
and treated as such with roentgen rays and radium. The use of the latter was a 
mistake, and when it was finally appreciated tiiat the tumor was thyroid tissue, 
the damage had already been done. With the fetid odor and the danger of 
hemorrhage from necrosis, there was little choice but to remove the gland. It 
may be, of course, that, even had the patient been treated conservatively with 
iodine and thyroid extract, continued enlargement of the gland would have necessi- 
tated operation. 

The fact that myxedema did not develop within a few weeks after operation 
can mean only that some thyroid tissue remained attached to the tongue, and this 
supposition has been substantiated by the appearance of a small nodule in that 
region. The early signs of myxedema which are appearing after a year, however, 
indicate that the remaining tissue is inadequate and probably undergoing atrophy 
of exhaustion. 

For first recording a case of lingual thyroid the credit has usually 
gone to Hickman,- an Englishman, who examined a newborn baby that 
had suffocated from a large thyroid tumor at the base of the tongue. In 
an admirable restudy of the literature, Buckman ^ unearthed an earlier 
account by Hunt,^ an American, who described what must surely have 
been lingual thyroid, though it was not entirely recognized as such at 
the time. The patient was a healthy-appearing girl of 16 and had a 
tumor arising from the region of the foramen caecum of the tongue and 
filling the fauces ; the tumor had been observed to grow from the size 
of a pea after the onset of pubert}', and its description fit the classic pic- 

2. Hickman, W. : Congenital Tumor of the Base of the Tongue Pressing 
Down the Epiglottis on the Larynx and Causing Death by Suffocation Sixteen 
Hours After Birth, Tr. Path. Soc. London 20:160, 1869. 

3. Buckman, L. T. : Lingual Thyroid, Laryngoscope 46 : 765, 878 and 936, 1936. 

4. Hunt, W. : Tumor of the Posterior Portion of the Tongue, Am. J. M. Sc. 
51:163, 1866; Tr. Coll. Physicians Philadelphia 4:153, 1865. 
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ture now known. To date, about 250 cases have appeai-ed in the litera- 
ture, and even though in approximate!)^ half there have not been 
histologic studies, other features have been sufficient to allow the diag- 
nosis. 

DEVELOPMENTAL ANATOMY 

Knowledge of the origin and development of the normal thyroid 
gland simplifies the understanding of aberrant thyroid tissue. Com- 
paratively early in embryonic life the thyroid arises as an outpouching 
from the foregut at the level of the first pharyngeal pouches. This 
diverticulum becomes a sac and is attached to the pharynx by a tubular 
neck known as the thyroglossal duct. Though the duct eventually 
atrophies, its point of attachment to the tongue is permanently marked 
by the dimpled foramen caecum. The thyroid diverticulum is converted 
into a solid epithelial structure that migrates downward in the neck, 
where it assumes a transverse position with a lobe on each side of the 
upper tracheal rings (Arey*). 

If the thyroid anlage fails to migrate or migrates incompletely, all 
or a part of the gland may be found anywhere between its point of 
origin at the foramen caecum and its normal position in the neck. The 
anomaly under consideration, lingual thyroid, represents persistence of 
thyroid tissue at its point of origin at the base of the tongue. It is to 
be diflferentiated from intralingual or sublingual thyroid, another aber- 
rant form which appears not in the pharynx but in the submental region. 
In some cases all of the existing gland is present in the lingual tumor. 
In others the lingual nodule represents only a part of the patient’s 
thyroid tissue, and the rest is to be found elsewhere along the tract of 
descent. Obviously, the removal of a lingual thyroid will vary in effect, 
depending on which of these two arrangements exists. 

Study of the aberrant thyroid raises the question of the importance 
of the so-called lateral thyroids. They are known embryologically 
as the ultimobranchial bodies and arise in the region of the fifth 
pharyngeal pouches. These bodies detach, migrate caudad and normally 
fuse with the thyroid gland, but there is no evidence that they become 
glandular tissue. That they do not is supported by the fact that removal 
of a lingual thyroid is often followed by myxedema, which should not 
be the case if functioning thyroid tissue arose from the ultimobranchial 
bodies. 

The parathyroids, which arise from the third and the fourth pharyn- 
geal pouches, likewise fuse with the normal migrating thyroid, but 

5. Arey, L. B. : Developmental Anatomy, Philadelpliia, W. B. Saunders Com- 
pany, 1931, p. 170. 
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fortunately they are not fused with the lingual thyroid. Tetany has 
not been known to follow removal of a lingual thyroid except in 1 case 
reported by Asch." 

INCIDENCE AND ETIOLOGY OF LINGUAL GOITER 

Lingual thyroid has occurred in a female subject in 75 per cent of 
reported cases. It, of course, exists at birth, but its presence is seldom 
brought to light until later. In a few cases it has been recognized at 
birth or within the first year, because the size of the tumor was incom- 
patible with life. In a majority of cases the tumor is first noticed 
during puberty, when its physiologic enlargement occurs. Physiologic 
enlargement has also been encountered during pregnancy. A striking 
case (repoiled by Rubeli •) was that of a woman with alarming growth 
of a lingual thyroid during the last months of pregnancy; a cesarean 
section was resorted to and was followed by prompt diminution in the 
size of the gland. 

Increase in size of the lingual thyroid has occurred during meno- 
pause in 10 per cent of female patients. Beck ® reported similar increase 
following operation for ovarian cysts, and in the case presented here 
there may have been some relation to the patient’s pelvic disorder. 
Enlargement of a lingual nodule occurred in 1 case after thyroidectomy 
(Van Selins®) and in another after the pathologic destruction of the 
thyroid gland in the neck (Willis*®). In a few cases this increase has 
been thought to be associated with trauma and it has been noticed after 
local and general infection. 

GROSS APPEARANCE AND PATHOLOGIC PICTURE 

Typically, lingual tbyroid occurs as a single centrally placed tumor 
in the region of the foramen caecum. It is globular or hemi spheroidal, 
with a smooth or lobulated surface, and it is covered by mucosa of the 
tongue, through which may be seen varying degrees of vascularity. 
Usually its attachment to the tongue is broad, although in a few cases 
it has been pedunculated. Bishop ** reported 1 case in which there was 
such a narrow stalk that removal was simply accomplished with a 

6. Asch, R. : Lingual Goiter, with a Contribution to Myxedema and the Ques- 
tion of Postoperative Tetany, Deutsche Ztschr. f. Chir. 130:593. 1914. 

7. Rubeli, H. : Lingual Goiter and Pregnancy, Monatschr. f. Geburtsh.’ u. 
Gynak, 52:295, 1920; abstracted. J. A. M. A. 77:78 (July 2) 1921. 

8. Beck, J. C.: Surgery of the Tongue, Ann. Otol., Rhin. & Laryng. 27:27, 
1918. 

9. Van Seims, cited by Bucknian.- 

10. Willis, R. A.; Compensatory Hyperplasia of Accessory Lingual Thyroid, 
J. Coll. Surgeons, Australasia 3:257, 1930. 

11. Bishop, F. J, ; Lingual Thj'roid. Ann. Otol., Rhin. S: Laryng. 43:294, 1934. 



324 


ARCHIVES OF SURGERY 


snare. The color varies from light pink to dusk}^ red, depending on 
the vascularity. The growth is firm and elastic to the examining finger 
and may vary from an almost invisible nodule to a mass big enough 
to fill the pharynx and depress the epiglottis (fig. 3). Large lingual 
thyroids have been described as of the size of a hen’s egg or even of 
an apple, although the usual comparison has been to a walnut. As with 
other organs, size is no index of function, nor does it give any clue to 
the presence or absence of thyroid tissue elsewhere. Both large and 
small lingual thyroids have been found in cretins, and comparatively 
small ones have been encountered in normal persons who have no other 
thyroid tissue. 

The histologic structure in the majority of instances is like that of 
normal thyroid tissue, but in about 20 per cent (Montgomery ^-) there 
is a fetal pattern in which there are areas of solid cell nests and 
numerous small acini containing little or no colloid. Cystic and other 
tj’pes of degeneration are not uncommon and are to be expected in the 
large lingual glands in cretins. At least 2 cases in which there were 
malignant changes are on record (Tyler ; Ashurst ^■‘) ; in both of 
these the patient was a man. In other cases in which the condition was 
reported as malignant, the data are not entirely convincing, and it is 
well to remember that benign fetal adenoma having a poor capsule 
next to the tongue may closely resemble a rapidly growing and invasive 
malignant growth. 

A similar difficulty has been encountered in determining the presence 
or absence of parathyroid tissue. Wood reported 2 cases of lingual 
thyroid in which there were fragments of tissue “resembling para- 
thyroid.” In discussion Ewing stated the belief that it was impossible 
to distinguish bet^veen young thyroid tissue and parathyroid tissue. 
The presence of parathyroid bodies would be difficult to explain from 
an embryologic standpoint ; yet the case reported by Asch seems authentic 
enough, since tetan)" developed after removal of a lingual thyroid. 

CLINICAL FEATURES 

The symptoms ma)" be trivial or even absent, particularly if the 
lingual thyroid is small and the secretory function adequate. If the 
growth is large, it is prone to cause difficulty in speaking, breathing 

12. Montgomery, M. L. : Lingual Thyroid, Tr. Am. A. Study Goiter, 1935, 
p. 145. 

13. Tyler, A. F. : Carcinoma of Lingual Tlwroid with Metastasis in Lungs, 

J. Radiol. 4:381, 1923. 

14 Ashurst, A. P. C., and White, C. Y. : Carcinoma in Aberrant Thyroid at 
Base of Tongue, J. A. M. A. 85:1219 (Oct. 17) 1925. 

15. Wood, F. C. : Thyroid and Parathyroid Tumors of the Tongue, Proc. New 
York Path. Soc. 16:84, 1916. 
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and swallowing. Other complaints, less frequently mentioned, are pain 
in the throat, snoring, nonproductive cough, dry mouth, a full feeling 
in the throat and a constant desire to swallow. In some cases in which 
the tumor almost fills the pharynx, however, the complaints are minimal. 
Hemorrhage from the submucosal vessels has occurred in varying 
degrees in 10 per cent of reported cases. It has usually been the result 
of local trauma or ulceration, although in several cases it has been 
concurrent with menstruation. 

One should expect, perhaps, that a gland that shows deficiency in 
development in one respect will show other deficiencies as well. Added 
to this is the fact that the position of the lingual thyroid allows for 
limited growth, and the gland is exposed to repeated trauma and inflam- 
mation. The incidence of nonfunctioning glandular tissue is com- 
parativel}’’ high in cases of lingual thyroid. Frank cretinism or juvenile 
myxedema has been present in about 10 per cent of reported cases, 
and in a smaller percentage, adult myxedema has occurred. 

Hyperth 3 Toidism might reasonably occur in association with lingual 
thyroid, but one would expect to encounter it infrequently. Only 2 
cases in which there was presumed hyperthyroidism have been reported. 
In Strauss’ case virtually the same symptoms were present after 
removal of a lingual gland as before, which throws doubt on the 
diagnosis. In Perlman’s case there were s)'mptoms of mild hyper- 
thyroidism and a palpable thyroid in the neck as well. After rest and 
the ingestion of iodine, the patient had no more symptoms, but there 
was no change in the size of the lingual nodule. The inference is that 
the hyperplastic thyroid tissue existed in the neck and not in the lingual 
nodule. 

PROGNOSIS OF TREATMENT 

It is of considerable importance to know whether the lingual thyroid 
comprises all or only a part of a patient’s existing thyroid tissue. This 
can be determined often simply by palpation in the normal pretracheal 
region or in the suprahyoid or the infrahyoid region or most certainly 
by exploratory operation. The latter procedure, or course, need not 
be carried out in every case, but there need be little discomfort or 
danger in it. Montgomery has estimated that in from 65 to 75 per cent 
of cases there is no other functioning thyroid tissue. 

Myxedema will surely follow the removal of a lingual thyroid if no 
other functioning thyroid tissue exists, and while myxedema can be 
fairly well controlled, it is not a condition to be induced without good 
reason. If there is no pressing indication for removal, therefore. 

16. Strauss, M. : Thyroid Tumor of the Tongue, Med. Klin. 2:1259, 1906. 

17. Perlman, H. B. : Lingual Thvroid Gland, Arch. Otolarvng. 19:594 (May) 
1934. 
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conservative treatment is advisable. Particularly when physiologic 
hypertrophy occurs during puberty or pregnancy, it would seem wiser 
to try the effect of iodine and thyroid whenever possible. Even roentgen 
radiation, carefully used, may be of value, but the case presented here 
demonstrates the dangers of radium. 

The indications for operative removal of a lingual thyroid can be 
listed as follows : ( 1 ) the presence of other functioning thyroid tissue ; 

(2) undue embarrassment in speaking, swallowing or breathing; (3) 
repeated or dangerous hemorrhage ; (4) uncontrollable hyperthyroidism ; 
(5) degeneration with necrosis and (6) suspected malignant changes 
(the incidence is probably high in male subjects.). 

Operation . — When removal is indicated, the method of operative 
procedure requires careful planning for the individual case. Various 
lateral approaches have been utilized, but a transbuccal approach appears 
simpler and more direct. The operation to be described bas occasionally 
been modified to include splitting the tongue longitudinally in the midline, 
which would appear to be a reasonable variation in case the tumor is 
unusually large or deeply embedded in the tongue. With a large tumor, 
the safety and the facility afiforded by a preliminary tracheotomy far 
outweigh the few disagreeable features. It has been the experience of 
most surgeons that the thyroid is well encapsulated except at its 
attachment to the tongue, and removal has been comparatively simple. 
The blood supply to the lingual thyroid comes from the lingual arteries, 
as demonstrated in this case b}'^ the absence of the superior thyroid 
arteries and by the control of hemorrhage by ligature of the lingual 
artery. 

Subtotal removal has been suggested as a means of preventing 
myxedema, and it is likely that this has unwittingly been accomplished 
in some of those cases in which postoperative myxedema has not 
developed. However, the incidence of recurrence of the lingual tumor 
in these same cases has been estimated at about 12 per cent. The most 
reasonable polic)'^ is to operate only when there is sufficient indication 
and then to attempt total removal. If myxedema follows, the patient 
can be given regular doses of thyroid, and the recent work of Stone, 
Owings and Gey has given new hope for the use of grafts of thyroid 
tissue. 

18. Stone, H. B. ; Owings, J. C, and Gey, G. O. : Living Grafts of Thyroid and 
Parathyroid Glands. Surg., Gynec. &- Obst. 60:390, 1935. 
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The subject of pai'acluodenal (internal or mesentericoparietal) 
hernia is one which has ahvaj'S greatl}' interested any physician fortunate 
enough to encounter the condition. 

The first report of right paraduodenal hernia ivas given by Klob 
in 1861. Nagel in 1923 collected the 29 cases reported up to that time. 
Exner in 1933 added the 11 authenticated cases reported in the interim, 
including his own. Novak and Sussman’s case was not accepted by 
Exner, Averbach or us. Since that time 3 further cases have been 
reported (by Halliwell in 1934, by Br3'an in 1935 and by Averbach in 
1937), which with the case now being reported bring the total up to 44. 

Exner summarized the history of these hernias and segregated them 
into three periods, as follows: 


Cases in 

Which Correct 

Cases Operation Cases ol Freoperativo 
Period Reported Was Done Rceovery Diagnosis 

1861-1903 19 4 1 0 

1904-1923 10 8 1 0 

1924-1933 11 11 9 2 


Since Exner’s paper, including this case, 4 cases have been reported ; 
4 patients have been operated on ; 4 patients have recovered and 1 par- 
tially correct preoperative diagnosis has been made (Halliwell). 

From 1861 to 1923, 29 cases had been reported, with only 2 
recoveries. From 1924 to 1937, 15 cases have been reported, in all 
of which operation was performed and in 13 of which the patients 
recovered. In addition, during the latter period, 2 correct preoperative 
diagnoses and 1 that was partially correct have been made. 

ETIOLOGY 

The cause of paraduodenal hernia has been the subject of wide 
discussion. The earlier and more generally accepted theory is that of 
Treitz. Treitz contended that a loop of small intestine insinuates itself 
into one of the peritoneal fossae at the duodenojejunal juncture and that 
owing to variations in intra-abdominal pressure the fossa becomes 
enlarged until a retroperitoneal hernia is formed. In 1923 Andrews 
suggested that the condition is a congenital anomaly. He stated that it 
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is due to incarceration during fetal life of the small intestines behind 
the leaves of the mesentery of the colon. These leaves are thereby pre- 
vented from becoming obliterated by fusion against the posterior parietal 
peritoneal wall. 

The case here to be reported lends strong support to the theory of 
Treitz. In this case the first orifice of the hernial sac was in the usual 
place for a right paraduodenal hernia, that is, on the left side of the 
mesentery. A second hernial orifice was found in the lateral parietal 
peritoneum which extends between the ascending colon and the lateral 
abdominal wall. The hernial sac had pushed down through the first 
hernial orifice and had progressed retroperitoneally toward the lateral 
abdominal wall. It had pushed anteriorly on the parietal peritoneum 
which runs between the ascending colon and the anterior abdominal wall. 
The intestines had made and now occupied a large sac. The diameter 
of the sac greatly exceeded the diameter of the second hernial orifice. 
The ascending colon was pushed medialward. The sac consisted of two 
layers of peritoneum. 

Any other explanation of the mechanism of formation of this hernia 
is difficult to understand. The fact that the diameter of the sac exceeded 
greatly that of the second hernial orifice shows that loops of intestine 
can form an intra-abdominal sac. Failure to show this has always been 
the greatest point in favor of Andrew’s theory. 

ANATOMIC CONSIDERATIONS 

In this case of right paraduodenal hernia the opening of the sac 
was on its left side and faced left. The superior mesenteric artery ran 
in the neck of the sac anteriorly. Both the afferent and the efferent 
loop of bowel passed through the hernial orifice. 

The literature states that with left paraduodenal hernia the opening 
of the sac is on the right side and faces left. The inferior mesenteric 
vein runs in the neck of the sac anteriorly. Exner stated that only the 
efferent loop of bowel passes through the hernial orifice. 

PATHOLOGIC PICTURE 

In this case adhesions were present about both hernial orifices. In 
some cases reported in the literature adhesions were present in the sac 
as well. Intestinal obstruction was not found at operation in this case, 
although this was the most frequent finding in the cases reported m 
the literature. Stenosis and also thickening of the intestinal wall have 
been reported. 

DIAGNOSIS 

A correct preoperative diagnosis was not made in this case. Only 
three such diagnoses have been made, and these were all made roent 
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gcnologically. Apparently the only means by which a correct preopera- 
livc diagnosis can be niaclc oftener is the more {requent use of roentgen 
studies. There were features in this case which should have aroused 
the suspicion of paraduodenal hernia and warranted roentgen investiga- 
tion of a barium sulfate meal. The history of attacks of mild, recurrent 
intestinal obstruction was obtained. While a tympanic abdominal mass 
was not present, the history alone was sufficient to call for roentgen 
study. 

TREATMENT 

In this case the steps in treatment were: (1) Opening of the hernial 
sac; (2) separation of the adhesions about the two hernial orifices; (3) 
milking of the intestines back through the two hernial orifices; 
(4) excision of the hernial sac; (5) closure of the two hernial orifices, 
and (6) tacking of the ascending colon back into an approximately 
normal position. 

In some cases reported in the literature the adhesions around the 
neck of the sac have been so great as to make it impossible to reduce 
the hernia. In such cases it has seemed best to enlarge the neck of the 
sac downward to release the constriction on the intestines and their blood 
supply. 

In case the blood supply to the bowel were damaged the prognosis 
would be bad, since most of the small intestine is usually in the sac. 
Fortunately no such complication was encountered in this case. 

REPORT OF CASE 

M. M., a white woman aged 21, demanded an appendectomy on March 22, 1937. 

She had been well all her life until July 4, 1930. While driving a car at a speed 
of 38 miles per hour she lost control of the car when it hit some loose gravel. 
The car rolled over one and a half times, and the steering wheel struck her in the 
middle part of the abdomen. She had no shock and noticed only moderate 
abdominal soreness for a day or two. 

In October 1936 she had a cramplike, rather severe pain in the lower part 
of the abdomen, possibly worse on the right side. It lasted three hours. A 
little tenderness was elicited in the right lower quadrant. A white blood count 
was not made. She was a little nauseated but did not vomit. She felt some 
soreness in the lower part of the abdomen for two days. The bowel movements 
were not irregular after this attack. 

In January 1937 she had occasional fleeting pains in the lower part of the 
abdomen, but these did not. interfere with her work as a university student. 

On March 2 she had an attack of pain similar to the one which had occurred 
in October of the preceding year. The pain was probably somewhat more severe. 
She was a little nauseated but did not vomit. She had a sore throat and a tempera- 
ture of 105 F. 

The history included a tonsillectomy in 1928. 

Physical examination revealed a well developed and well nourished woman 
70 inches (178 cm.) in height and weighing 155 pounds (70.3 Kg.). Tlie 
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temperature, the pulse rate and the respiratory rate were normal. The white 
blood cell count was 8,900. The abdomen was essentially normal. 

The preoperative diagnosis was possible mild, recurrent appendicitis. Opera- 
tion was not encouraged, but was done on March 23 because of the patient’s 
insistence. 

A large hernial sac containing about seven eighths of the small intestine 
occupied most of the right side of the abdominal cavity. The orifice of the sac 
was on the left side of the mesentery over the lumbar area and measured about 
3.5 cm. in diameter. Both the afferent and the efferent loop of bowel passed 
through it. Along the right, anterior, free edge of the hernial orifice ran the 
superior mesenteric artery. 

The cecum was found slightly to the right of the midline, about 2 cm. below 
the inferior margin of the hernial orifice. Bands were running between it and the 
descending colon. At this stage the appendix was removed, which was probably a 
technical error. 

The hernial sac was now opened. No adhesions were found within the sac. 
Slight adhesions were present about the hernial orifice, but these were separated 
with moderate ease. When an attempt was made to milk the intestines back through 
the first hernial orifice, it was discovered that a second hernial orifice was 
present. This was 3 cm. in diameter and was 3.5 cm. from the inferior margin 
of the lateral parietal peritoneum which goes to the ascending colon. The adhesions 
about the second orifice were separated with moderate ease. The hernial sac was 
ascertained to consist of two peritoneal layers. 

The small intestines were reduced back into the abdominal cavity. Both 
hernial orifices were closed with running sutures of silk reenforced by interrupted 
silk sutures, the sac of the hernia being excised. The cecum and the ascending 
colon were separated from the descending colon and were anchored to the lateral 
parietal peritoneum. 

After a somewhat stormy postoperative course complicated by paralytic ileus, 
the patient recovered. When last seen she was well and function of her bowels 
was normal. 

SUMMARY 

The forty-fourth authentic case of right paraduodenal liernia is 
reported. It is the twenty-seventh case in which operation was per- 
formed and the fifteenth in which recovery of the patient occurred. 

The findings in this case strongly favor the etiologic theory of Treitz. 

532 First Avenue. 
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CONGENITAL DEFORMITIES 

Klippcl-Fcil Syndrome . — To the dozen autopsy studies in cases of 
the Klippel-Feil syndrome Scriba and Gmelin ^ add 1 case in which 
Sprengel’s deformity was also present, as well as a congenital malforma- 
tion of the heart. The cardiac lesion was the cause of death. The 
authors point out that anomalies frequently associated with the vertebral 
synostosis which characterizes the Klippel-Feil syndrome are spina bifida 
occulta and coordinated malformations such as congenital elevation of the 
scapula and anomalies of the rib. Associated malformations of the 
central nervous system, of the gastrointestinal tract or of the heart and 
the great vessels are seldom seen. In this case both lesions were typical 
malformations resulting from interference with normal development 
at some stage. No familial history of either deformity was obtainable, 
although reports of other cases have demonstrated the existence of a 
tendency to inheritance of such lesions, 

Phocomelus and Absence of the Radius . — Hill - reports in detail the 
case of a patient with hands and feet but without arms or legs (pho- 

Tbis report of progress is obtained from a review of 142 papers selected from 
186 titles relating to orthopedic surgery and appearing in the medical literature 
approximately between Nov. 1, 1937, and March 2, 1938. 

1. Scriba, K., and Gmelin, L. : Frankfurt. Ztschr. f. Path. 50:376, 1937. 

2. Hill, L. L., Jr.; Surg., Gynec. & Obst. 65:475, 1937. 
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comelus) and that of another patient with absence of the radius. He 
was able to find reports of only 3 cases of phocomelus in the literature. 
Absence of the radius is far more common. Two hundred and fifty- 
three instances of this deformity were reported up to 1923. 

Congenital Dislocation of the Shoulder. — Cozen® reports in detail 
the history of a boy aged 4 years with a congenital dislocation of both 
shoulders. This condition is differentiated from injury to the shoulder 
at birth by the birth history, by the absence of paralyzed muscles and 
by the frequent presence of other deformities. In this patient there 
were cervical ribs, ectrodactylism, radioulnar synostoses and congenital 
articular rigidity. Reefing of the capsule of both shoulder joints was 
performed, and later a Nicola operation was required on one side because 
of redislocation. The boy was examined four years later and was found 
to have almost normal function in both shoulders. Twenty cases are 
collected from the literature, attesting the rarity of this condition. 

Familial Dissemination of Osteosclerosis. — Busch/ of Copenhagen, 
Denmark, observed a case of Albers-Shdnberg’s disease and was able to 
discover 14 other cases in three generations of the patient's family. 
One year later a second case was observed, but in the patient’s family 
no other case was discovered after careful search. The disease is dis- 
tributed about equally between sexes. It is characterized by rounded 
areas of opacity scattered throughout the skeleton but most numerous 
about the epiphyses of the long bones. There are areas of whitish 
yellow infiltration of the skin in about one half of the patients. Patho- 
logic study of the osseous lesions has shown hyperplasia without any 
inflammatory reaction. The disease is apparently an innocent anomaly of 
unknown cause, probably the result of faulty embryonal ossification. 
A review of the literature is given. 

Etiology of Congenital Malformation . — Murphy ® reviewed 130,132 
death certificates of persons dying during five years in Philadelphia. 
Among these, 1,476 had a congenital defect. Through interviews with 
the families of the deceased, 45 additional cases of congenital deformity 
were found. The author was unable to secure any evidence that pre- 
natal environment played a part in producing congenital deformity, as 
had been suggested by Mall.® However, there was no congenital ampu- 

3. Cozen, L. : Congenital Dislocation of the Shoulder and Other Anomalies . 
Report of a Case and Review of the Literature, Arch. Surg. 35:956 (Nov.) 
1937. 

4. Busch, R. F. B.: Acta radiol. 18:693, 1937. 

5. Murphy, D. P. : Am. J. Obst. & Gynec. 34:890, 1937. 

6. Mall, F. P.: J. Morphol. 19:3, 1908. 
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tation in this group. Deformity occurred relatively twice as frequently 
in white persons as in Negroes. The data which the author secured 
point to heredity as the cause of congenital deformity. The author 
suggests that reproductive inefficiency was the cause, as shown by 
relative sterility of the parents before the birth of the deformed child, 
the presence of deformity in siblings, the frequency of miscarriage and 
stillbirth among the mothers of such persons and the duplication of 
defects in brothers and sisters. 

[Ed. Note. — In the two preceding reports of progress papers sug- 
gesting a hereditary cause of congenital deformity were reviewed.] 

TUBERCULOSIS 

operative and Conservative Treatment of Tuberculosis of the Spine. 
— ^The results of treatment in 44 cases of tuberculosis of the spine are 
discussed by Finkelstein and his associates.^ The patients, all under 
20 years of age, were divided as nearly as possible into two equal groups. 
In one group fusion operations were performed on the spine, and in 
the other group conservative measures alone were employed. A period 
of ten years is covered. The ineffectiveness of both conservative and 
surgical treatment is emphasized. The average number of days of 
hospital care for the patients on whom operation was not performed 
was one thousand, two hundred and fifteen and for the patients on whom 
operation was performed eight hundred and seventy-six. The authors 
conclude that tuberculosis of the spine is a chronic disease which runs 
its course little influenced by the efforts of the orthopedic surgeon. The 
discussions form a valuable part of this paper. 

Diagnosis, Course and End Results of Tuberculous Spondylitis . — 
Kofman ® analyzes 303 cases of tuberculous spondylitis treated between 
1924 and 1932 at the Odessa Tuberculosis Institute. He concludes that 
surgical treatment of spinal tuberculosis is inadequate. Prolonged 
immobilization and exposure to sunlight, together with general measures 
to improve health, have given the most satisfactory results. Operation 
is indicated only for the relief of spasticity and for the careful aspiration 
of abscesses. In a second paper the same author ® reviews the treatment 
of adults with spinal tuberculosis in sanatoriums. After conservative 
therapy the author discharged 147 of 231 patients as improved. Of 

7. Finkelstein, H. ; Greenberg, B. B. ; Jaliss, S. A., and Mayer, L. : Operative 
and Conservative Treatment of Tuberculosis of the Spine: A Comparative Study, 
J. A. M. A. 110:480 (Feb. 12) 1938. 

8. Kofman, S. W. : Tuberculous Spondylitis, Committee of Sciences of 
XJ. S. S. R., Tashkent, 1937. 

9. Kofman, S. W. : Arch. f. orthop. u. Unfall-Chir. 38:355, 1937. 
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these, 114 are employed in the lighter forms of work. Sixty-six of the 
231 patients died during treatment, 23 within six months of their admis- 
sion to the sanatorium. Sixty-two per cent of those with closed abscesses 
and 47 per cent of those with open abscesses showed improvement. 
The commonest cause of death in patients with draining abscesses was 
amyloid disease (14 fatalities). Seventy-four patients had visceral 
tuberculosis in addition to the spinal lesion. 

[Ed. Note. — In any appraisal of end results in the treatment of 
tuberculosis of the bones and joints the communal standard of health 
must be considered. The most discouraging reports of the results of 
therapy come from countries where public health measures are inadequate 
or from the poorer districts of large cities.] 

Osteitis Tuberculosa Multiplex Cyst aides. — Connolly,^® of Liverpool, 
England, states that multiple cystic changes in bones represent the rarest 
form of osseous tuberculosis. Such a pathologic change may occur in 
two ways: (1) there may be caseation followed by fibrous proliferation 
in bone, or (2) there may be absorption of bone alone. The lesions 
evolve slowly, and there is a marked tendency to heal. Two cases are 
reported in detail. In both the patient showed cystic lesions in the 
phalanges, with scattered lesions in other bones as well. 

POLIOMYELITIS 

Recovery from Poliomyelitis . — Schein ” has followed carefiill}’’ all 
the patients with poliomyelitis treated at the Bellevue Hospital between 
1931 and 1936. Over 400 patients were seen, but if those -without 
paralysis and those treated elsewhere are eliminated the number is 
reduced to 100. More than a fourth of these were in the hospital a 
year or longer. Fifty-six per cent of patients with paralysis limited to 
the trunk recovered entirely. Fifty-three per cent of patients with 
paralysis of an upper extremity showed complete recovery, as against 
24 per cent of patients with paralysis of a lower extremity. These 
figures are similar to those reported by Lovett. Ten patients showed 
curvature, functional in 6. There was almost complete absence of severe 
deformity. The deformities least amenable to prevention were flail 
shoulder, scoliosis and disabilities of the feet. Forty-four operations 
have been performed on these patients, 19 being stabilizing operations 
on the feet. Four patients were unable to walk, and of these, 3 have 
died of pneumonia. Eight patients are using crutches. 


10. Connolh', H. E. : Brit. J. Radiol. 11 : 25 , 1938. 

11. Schein, A. J. ; New York State J. Med. 37:1661. 1937. 
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Physical Therapy for Infaiifile Paralysis. — Ober gives a brief, 
pertinent discussion of the use of physical therapy in the three stages 
of infantile paralysis. In the first stage, i. e., from the onset of the 
disease to the disappearance of neural and muscular tenderness, no 
massage or exercise is given. Absolute rest and daily application of 
hot packs are insisted on, in addition to the use of wdiatever splints are 
necessary to prevent deformities. In the second stage, after all tender- 
ness has disappeared, baking, massage and active exercise are begun. 
The extent of these is determined by a complete muscular examination, 
the results of which are recorded on special forms. During the third 
stage of the disease, i. e., at the end of the period of maximum recovery 
of power in the muscles, fixed deformities are relieved when possible, 
and physical therapy is employed during periods of immobilization and 
rehabilitation. Electricity has no place in the treatment of infantile 
paralysis. 

Rest and Protection in Convalescence front Poliomyelitis. — Bennett 
and his associates emphasize that positions of physiologic rest must 
be constantly maintained while muscles are recovering from poliomyelitis. 
They described various light splints which are covered with cellulose- 
acetate compound to increase their wearing qualities and make them 
waterproof. A much more detailed description of the treatment men- 
tioned by these authors is found in the report of Kendall and Kendall,^'* 
with a foreword by Drs. Bennett and Johnson, in which are explained 
and illustrated the methods of protecting weakened muscles during 
exercise and during rest. A method of grading muscles in percentage 
of normal function is given. 

OSTEOMYELITIS 

Acute Hematogenous Osteomyelitis. — Robertson distinguishes 

between osteomyelitis caused by Streptococcus and that caused by 
Staphylococcus by the ability of these bacteria to produce fatal septicemia 
(13.3 per cent for the former and 22.4 per cent for the latter, in 337 
cases). In streptococcic osteomyelitis there is no necrosis of bone, 
whereas in staphylococcic osteomyelitis there is necrosis. No seques- 
trums were observed in patients surviving a streptococcic infection, 
whereas sequestrums were practically always seen in patients with 

12. Ober, F. R. : Physical Therapy in Infantile Paralysis, J. A. M. A. 110: 
45 (Jan. 1) 1938. 

13. Bennett, G. E. ; Cobey, M. C, and Kendall, H. O.: Molded Plaster Shells 
for Rest and Protection Treatment of Infantile Paralysis, J. A. M. A. 109:1120 
(Oct. 2) 1937. 

14. Kendall, H. O., and Kendall, F. P.: Care During the Recovery Period in 
Paralytic Poliomyelitis, Public Health Bulletin 242, United States Treasury 
Department, April 1938. 

15. Robertson, D. E. : J. Bone & Joint Surg. 20:35, 1938. 
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staph)dococcic osteomyelitis. Forty-two per cent of the patients under 
2 years of age recovered; of these, 80 had sequestrums. A diffusible 
exotoxin excreted by the staphylococcus has an extraordinarily high 
potency and the ability to produce necrosis. Three toxins (leukocyto- 
lysin, hemolysin and a necrotizing toxin) are combated by the patient’s 
natural antitoxin and phagoc 3 '^tosis. The presence of these toxins may 
stimulate the production of antitoxin, which can be definitely lueasured 
in terms of antihemolytic units. Administration of staphylococcus toxoid 
can raise the titer of a normal person as much as 16 times, the average 
normal titer being less than 1 unit. Cutaneous infections, strangely, 
do not seem to act as efficient antigens in raising the titer. Therefore, 
Robertson believes not only that children with cutaneous lesions should 
be protected from injury or strain but that a course of staphylococcus 
toxoid should be given. Furthermore, the blood of all patients with 
chronic or healed staphylocococic osteon^elitis should be frequently 
investigated, and toxoid should be administered if less than 3 units of 
antitoxin is present. The pathologic picture of experimental and human 
osteomyelitis is discussed briefly b}'^ the author, who gives his observa- 
tions on the signs and symptoms of the patients he has treated. Regard- 
ing treatment, Robertson feels that no help can be had from operation 
until pus is present,' after which simple drainage may be of advantage. 
In the early stages, treatment consists of combating an infection of the 
blood and dealing with toxins and organisms present. 

Acute Osteomyelitis of the Ilium . — Pique and Vails review in 
detail the clinical histories of 6 patients with acute osteomyelitis of the 
ileum, who were treated in the Hospital Durand in Buenos Aires, 
Argentina. In 5 cases the ilium and in 1 the pubis was involved. The 
organism responsible -was Staphylococcus aureus in 5 cases and a strep- 
tococcus in 1. The ages of the patients were from 6 to 12 years. 
The lesions tended to be diffuse and were first observed about osteo- 
cartilaginous junctions. The most frequent complications were suppura- 
tive arthritis involving the sacroiliac joint, the symphysis pubis and the 
hip joint. The local and general symptoms were similar to those of 
osteomyelitis elsewhere, but diagnosis was often difficult since the symp- 
toms could simulate those of abdominal or pelvic lesions. The abscesses 
gravitated along fascial planes and occurred both within and without 
the pelvis. The commonest deformity was flexion contracture of the 
hip. There was 1 case of pathologic dislocation of the hip joint. Treat- 
ment consisted of local and general measures. The authors favor the 
use of A'accines. Early operation with wide exposure of the ilium, 
curettage of the lesion and packing of the wound with petrolatum gauze 
are advocated. There was 1 death. 
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Primary Osteomyelitis in the Adult. — Leclerc finds that primary 
osteomyelitis in adults runs a somewhat different course from that 
observed in children. There is often an acute infection years before 
the occurrence of osteomyelitis. Then there may be an infectious inci- 
dent, followed by the gradual development of osteomyelitis. The 
clinical signs are moderate ; no great change takes place in the general 
condition of the patient. In the bone the lesion tends to be localized, 
with destruction of bone and surrounding eburnation. Incision and 
curettage are usually followed b}’^ healing. Cases are reported to illus- 
trate the course of the disease. 

Osteomyelitis in Infancy and Childhood. — Ober states that osteo- 
myelitis is an extremely grave condition in early childhood. There is a 
difference in the osseous lesions in children under 2 years of age and 
those in older children. In infants the organism causing the disease 
is usually the streptococcus. There is rarely a sequestrum. The treat- 
ment consists of simple drainage. The limb is immobilized in a plaster 
cast with a window for dressing, which is performed weekly. Attention 
to the general condition of the child, particularly to dehydration, delay 
in operation until the general condition has improved and infrequent 
application of dressings have reduced the mortality from 50 to 5 per cent. 
In children over 2 years of age the infecting organism is usually the 
staphylococcus, and sequestrum formation is the rule. Treatment of 
these patients also usually consists of simple drainage followed by 
immobilization. Operation should be performed early if the general 
condition of the child is good. Sequestrums are often absorbed spon- 
taneously. The various forms of osteomyelitis in children are described 
briefly. 

MUSCULAR DISEASES 

Epidemic Myalgia. — Lindberg reviews the previous reports of 
epidemic myalgia in Sweden and records his own observations of an 
epidemic of myalgia in the fall of 1938. Eighty children were attacked. 
In most cases the disease occurred during September. The incidence 
was greatest at the age of 7 years. Seventy patients were under 12 
years of age. Pain appeared without prodrome except slight malaise, 
usually in the chest or abdomen and occasionally in the neck or arms. 
The pain was severe. In 25 cases there was swelling of the muscles. In 
a number of the cases intrathoracic or intra-abdominal lesions were sus- 
pected. In most instances there was mild leukopenia; in a few 
leukoc 3 ftosis was present, the leukocyte count being 12,000. The sedi- 
mentation rate of the blood was followed in 23 cases. A mild increase 
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in the rate was observed during the course of the disease. Meningitis 
with increased pressure of the spinal fluid, a positive reaction to the 
Pandy test and increased cellular content were noticed in 5 cases. All 
the patients recovered promptly. The duration of symptoms was usually 
four or five days. No microscopic examination was made of the 
muscles, nor could the author find record of any pathologic study in the 
literature. The author believes that the disease is an acute infectious 
process which spreads much like influenza. The only treatment was 
S 3 anptomatic. All the patients recovered completely. 

POSTURE 

Teachwg of Body Mechanics in Pediatric Practice. — Sweet-'’ gives 
an excellent resume of the problem of body mechanics. He has empha- 
sized the importance of body mechanics as a part of preventive pediatrics. 
The mechanics of the human body at rest and in motion are reviewed 
and the fundamentals emphasized under four headings: (1) the part 
played by gravity; (2) the strength and balance of the muscles; (3) the 
development of deformities, and (4) body changes during normal growth 
and development. The teaching of proper posture is discussed, and 
three points are emphasized: (1) the position of the feet; (2) the 
rotation of the pelvis, and (3) the position of the head. 

Postural Defects Related to Artlmtis. — Hartung states that . 

postural defects can affect patients with arthritis in five ways: I. 
Faulty posture is mechanically inefficient and requires an undue amount 
of energ)^ in standing and sitting, in this way adding an extra burden 
to the patient. 2. It produces gastrointestinal visceroptosis and decreases 
the vital capacity of the lung. 3. It predisposes to pain in the lower 
part of the back. 4. It causes undue strain on certain joints, predispos- 
ing them to the localization of arthritis. In osteoarthritis this static 
trauma localizes the severe expression of the disease to the lumbo- 
sacral and the cervical region of the spine and to the knees and feet. 

5. It has a depressing psychologic effect on the patient. Since chronic 
arthritis is a constitutional disease, until a clearer conception of its 
cause is obtained, the most effective treatment is that directed against the 
various constitutional derangements presented by the patient. The 
author’s method of correcting faulty posture is described. 

THE BACK 

Source and Differential Diagnosis of Pain in the Loiver Part of the 
Back. — The problem of location of pain in the lower part of the 

20. Sweet, C. : Teaching of Bod 3 ' Mechanics in Pediatric Practice, J. A. M- A. 
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back is approached by Steindler,-- who abandons the old classification 
into the vei'tical units of the sacroiliac and lumbosacral and follows 
instead the routes of the sensory supply to the tissues of the lumbosacral 
region. First the territories of the posterior and the anterior primary 
division of the spinal nerves are differentiated, and then the ramifications 
of the posterior divisions and the structures which they supply are 
defined. The pathways of the anterior division are dismissed briefly, 
as they do not involve the immediate problem. Since a large propor- 
tion of the cases of pain in the lower part of the back belong to the 
group in which the trouble involves strictures supplied by the posterior 
division of the spinal nerves, this type of disorder is discussed in detail. 
A triad of symptoms, i. e., local tenderness, radiation of pain and 
faulty posture are recognized, and a series of patients who had local- 
ized tenderness and radiation of pain referred to the area of tenderness 
were chosen. Procaine hydrochloride was then injected into the area. 
Five postulates had to be met to furnish proof of causal connection 
between local pain and radiation. The results of the experiments 
showed that there was such a causal relation and that radiation of pain 
could be caused by an area of local pain as a reflex symptom without 
being caused by root compression. This theory does not eliminate true 
compression of the neural roots caused by special conditions. 

[Ed. Note. — This is a condensed article full of important informa- 
tion ; it should be read in its entirety.] 

Alternating Scoliosis of Proved Source . — Milliken reports an inter- 
esting case of alternating scoliosis in a woman 24 years of age, who 
had either sciatica on the left and dorsolumbar scoliosis on the right or 
sciatica on the right and dorsolumbar scoliosis on the left. She com- 
plained of pain in the right hip and leg as far as the knee. Roentgenologic 
examination showed narrowing of the body of the fourth lumbar vertebra 
with a spur on the upper anterior margin. Operation showed an 
abnormally long and hook-shaped first sacral spine, which extended 
upward, meeting a correspondingly long process of the fifth lumbar 
vertebra. The two processes were not joined but were in contact in 
the flexed position. Extension of the spine made the processes slip Ity 
one another, and a slight twist of the pelvis could make them overlap 
on one side or the other. Hibbs’ fusion of tbe fourth and fifth lumbar 
vertebrae and tbe sacrum was followed by complete relief. 

Major Injury to the Spine. — Mixter -■* gives an account of the 
general lines on which treatment should be carried out for severe injur}- 
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to the spine, beginning at the scene of the accident. For transportation 
a rigid dorsal stretcher is essential. With injury to the cervical or the 
upper portion of the spine the patient should be placed on his back; no 
twisting or flexing of the neck should be allowed. With injury to the 
dorsal or the lumbar portion of the spine the patient should be placed 
face downward. As soon as possible the clothing should be cut away 
and all causes of localized pressure removed. General treatment for 
shock should be instituted. When the initial shock subsides, a neuro- 
logic examination should be made to determine particularly the upper 
limit of any loss of power or of sensory or reflex abnormality. F.oentgen 
examination should then be made. Time is valuable. If paral)fsis or 
neurologic signs persist after two hours, there is probably damage to the 
cord or the cauda equina, and lumbar puncture to determine the presence 
or absence of hemorrhage and the presence or absence of block in the 
subarachnoid space is indicated. If evidence of compression exists, the 
advisability of laminectomy must be decided. If the pressure is on 
the spinal cord, it should be relieved as early as possible, i. e., within a 
matter of hours; if the pressure is on the cauda equina, which is a 
less vulnerable structure, time is not so important. Cervical fracture 
with compression is a serious injury. Laminectomy further weakens 
the spine and causes disturbance of the heat-regulating and the respira- 
tory mechanism. For this reason traction up to 40 or 50 pounds (18 
to 22 Kg.) is preferred, and skeletal traction may be necessary. Lumbar 
puncture is then repeated to determine whether the compression is 
decreased. If laminectomy then seems indicated, it should be performed 
within twenty-four hours of the injury. For fracture in the dorsal 
region with compression and block laminectomy should be performed, 
since there is little fear of dislocation. The operation should take place 
within twenty-four hours of the time of injury. For fracture of the 
lumbar portion of the spine with injury to the cauda equina, laminectomy 
ma)'^ be postponed till existing bony deformities are corrected. 

Spinal Epidural Cyst zvith Resulting Kyphosis . — Cloward and Bucy " 
give a detailed account of a case of spastic paraplegia in a patient 16 
years old. There were dorsal kyphosis and an epidural cyst, which 
was removed by operation. An account of 9 similar cases from the 
literature is given, to illustrate the progress of the deformity and the 
early symptoms. In all except 1 of the cases the patients were adolescent, 
and all presented alterations in the vertebral bodies at the level of the 
mass. The commonest site of the lesion was the mid-dorsal region. 
Kyphosis Avas present in every case, suggesting kyphosis dorsalis 
juvenilis. The authors draw attention to the predominance of motor 
changes and to the fact that in 3 patients no block in the spinal cana 
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could be demonstrated b}' the Queckenstedt test. The most frequent 
roentgenologic changes were a defect in the anterosuperior or the antero- 
inferior margin of the vertebral bodies, a reduction of the intervertebral 
space with prolapse of the nucleus pulposus and wedging of the vertebra. 
In the spinal canal there may be erosion of the vertebral pedicles or a 
slight concavity of the posterior surface of the vertebral body. The 
authors believe that the cyst was an evagination of the arachnoid and the 
dura mater at the point of emergence of the spinal roots. The kyphosis 
they consider to he the result of pressure on venous channels between 
the dura mater and the vertebral body. 

[Ed. Note. — This interesting condition is apparently rare. The 
patient with kyphosis dorsalis juvenilis usually does not present neuro- 
logic disturbances in the lower extremities, nor is the roentgenologic 
picture similar. In this special t3'pe of disease, with epidural cysts, early 
recognition and operation should prevent the spinal deformity.] 

Scoliosis Treated by the Wedging Jacket. — Butte analyzes some of 
the cardinal principles of spinal fusion, with particular reference to the 
selection of the area to be fused, as applied in the New York Orthopaedic 
Dispensary and Hospital. Five cases are described, and roentgenograms 
are presented to illustrate the following points: 1. Every vertebra in 
the primary curve must be fused unless in an occasional case one of the 
vertebrae at one or the other end of the curv'e is omitted to avoid 
overcorrection of the secondary curve. 2. To be ideal, the area of fusion 
must include the minimum area of fusion (at least), and its end verte- 
brae must be parallel to each other and at right angles to the line joining 
their centers. 3. Actual determination of the area of fusion is not made 
until correction has been obtained by the wedging jacket. 4. Overcor- 
rection of a curvature is avoided by the “pelvic tilt” examination 
described by Ferguson. During this the patient sits unassisted, with 
hands resting on the knees; the pelvis is elevated 3 or 4 inches (7.5 to 
10 cm.) on the side of the convexity of the lumbar curve, and a roent- 
genogram is made. 5. Provided compensation has been restored, 
remarkable improvement in clinical and roentgenographic appearance 
often results when the primarj' curve has been corrected less than 
50 per cent. 

PERIPHERAL VASCULAR DISEASE 

Treatment of Peripheral Vascular Disease. — Holman and Schulte 
apply a suction-pressure chamber only to the thigh, where it acts as a 
“booster pump,” drawing blood into the thigh and forcing blood into the 
peripheral vessels. In this waj^ vessels which are still patent and pliable 
instead of obliterated or practicalty obliterated vessels are acted on. 
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The pump can be applied in the presence of infection of the foot, 
without danger of spreading infection by active massage, and it is useful 
in cases of obliterative vascular disease, whether the condition is due to 
thromboangiitis or to arteriosclerosis. 

Popliteal Aneurysm as a Cause of Peripheral Circulatory Disease . — 
Theis reports 5 cases of aneurysm of the popliteal artery in which the 
primary symptoms were those of peripheral circulatory disease. He 
concluded that an aneurysm in the popliteal space should be suspected 
in all cases of peripheral circulatory disease. All 5 patients were men. 
Violent muscular effort was the probable etiologic factor in 2 cases; 
in the others the cause was not known. Theis believes indirect trauma, 
such as that resulting from forced flexion of the knee or violent 
muscular strain, to be the most important cause of popliteal aneurysm. 

THE KNEE 

Injury of the Knee Joint. — Dickson^® gives an excellent discussion 
of injuries to the semilunar cartilages, the internal lateral ligaments and 
the cruciate ligaments. Most of the discussion concerns the semilunar 
cartilages and presents in detail and in clear textbook form the present 
day conception of the causes, symptoms, diagnosis and treatment of 
injuries to these structures. 

THE SHOULDER 

Rupture of the Supraspinatus Tendon. — Davies and Sullivan®® 
report 5 cases of complete rupture of the supraspinatus tendon in which 
the patient was seen within seventeen days after injury. One patient 
was operated on five days after injury, 2 six days after, 1 thirteen 
days after and 1 seventy days after. All were in the sixth decade of life- 
The immediate trauma causing this condition was a fall in 3 cases, a 
blow in 1 and strain in lifting in 1. Pain was a variable symptom. The 
authors advise immediate repair, as the operation is easier and the end 
results better than when it is delayed. Immobilization in 90 degrees of 
abduction for three weeks after operation is the most satisfactory after- 
treatment. 

Tears of the Supraspinatus Tendon. — Outland and Shepherd®^ gi''^ 
a resume of 12 cases of operation for tear of the supraspinatus tendon. 
One patient was 32 years of age, but the average age for the senes 
was 50 years. The authors stress five objective signs in making the 
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diagnosis: (1) diminution or loss of power to abduct; (2) tenderness 
over the greater tuberosity; (3) undue prominence of the greater 
tuberosity; (4) crepitus, and (5) normal roentgenographic appearance. 
In 5 of their cases the rupture was the result of dislocation of the 
shoulder. Hence, they advise testing all patients with dislocated shoulders 
immediately after reduction. For two thirds of the patients the end 
results were excellent or good. 

[Ed. Note. — These two papers describe a not uncommon injury 
which sometimes follows insignificant trauma to elderly persons. In 
the sixty-fifth report of progress, in a report of a paper by Meyer, the 
frequent observation of this injury in the dissecting room is mentioned.] 

NEOPLASMS 

Solitary Bone Cyst and Giant Cell Tumor. — Discussing 6 of his 12 
cases of cyst and giant cell tumor, Szanto contrasts the views of 
European and American pathologists. He comments on the necessity 
of evaluating each case purely on its detailed merits. He agrees that 
the prognosis for giant cell tumor and solitary cyst occurring in a 
patient over the age of 24 often is not as benign as in the young. He 
also agrees that lesions on the diaphysial side of the epiphysial plate are 
more prone to be benign, while the prognosis of those extending on 
both sides of the plate site, as in older patients, is apt to be less favorable. 
He disagrees, however, with the American teaching that insufficient 
surgical intervention may change the character of the lesion and main- 
tains that other causes must be found for progress of the lesion when 
progress occurs. 

Cavernous Hemangioma of the Vertebral Column. — Hemangioma of 
bone, including that of the vertebral column, is not rare according to 
Yuzhelevskiy.®^ It is often not recognized clinically. The author was 
able to find only 34 recorded cases of hemangioma of the vertebral 
body which caused compression on the spinal cord. He adds repoi'ts 
of 3 cases in which myelitis resulted from vertebral hemangioma. The 
lesion was in the first lumbar, the fifth thoracic and the eleventh thoracic 
vertebra respectively in these 3 cases. In 2 the condition was diagnosed 
at operation, while diagnosis was made from the course and the roent- 
genologic findings before operation in 1 case. The roentgenograms 
show bone of cellular and spongy texture with numerous clear spaces 
divided by fairly thick trabeculae containing calcium. The intervertebral 
disks were not involved. All 3 patients recovered after operation. 
When the tumor cannot be completely removed because of its position, 
laminectomy with postoperative roentgen or radium therapy is of benefit. 
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MISCELLANEOUS STUDIES 

Os Centralc Manus, an Accessory Bone in the Hand. — In both wrists 
of a 14 year old girl Schneider observed at autopsy a cartilaginous 
accessory bone, os centrale manus. This bone was boat shaped and 
measured 10 by 7 cm. Such a bone is uncommon, and its ossification 
takes place later than does that of the other carpal bones. It lay proximal 
to the dorsoventral canal of the carpal bones. This canal, which con- 
tains fat and ligaments, shows occasionally in roentgenograms as an 
indentation in the neck of the os capitatum. On one side an os capitatum 
secondarium was present also. 

Histiogencsis of Paget’s Disease. — Continuing the studies on Paget’s 
disease begun by Erdheim and Freund, Karplus studied the develop- 
ment of a lesion in a long bone. He points out that the lesion appears in 
small multiple discrete areas in the cancellous bone and cortex, which 
later fuse. He lists several stages. 1. In the immediate neighborhood 
of an adult spicule of bone a capillary enlarges ; round cells appear, 
and the endosteum over the bone thickens. 2. Osteoclasts are visible 
in Howship’s lacuna eroded into the old bone. 3. The lacuna is deep and 
is partially or completely filled with new-formed bone. The fatty mar- 
row is replaced by fibrous marrow. These stages are observable not 
only in the medullary cavity but in the cortex. When the latter area 
is affected the capillary in the vascular canal of the haversian system 
undergoes the changes previously listed. Incidentally, the architecture 
of the new-formed bone appears to bear a relation to the stresses 
involved. Photomicrographs illustrate the author’s explanation of these 
changes. 

Osteochondritis of the Hip Joint. — Since October 1936 4 cases of 
osteochondritis dissecans of the hip were observed by Schdrcher in a 
Munich clinic. All the patients were males. In 2 the disease was 
bilateral. The ages ranged from 18 to 49. The duration of pain was 
two months for 1 patient. For the 3 other patients it was six, fifteen 
and 19 years, respectively. All showed the roentgenologic picture of 
osteochondritis dissecans. One had some acetabular changes. There was 
no definite history of trauma. In 1 patient a loose body was found in the 
hip joint. The author was unable to state what influence injury might 
have in the development of the lesion. 

Method of Treating Ganglions. — Aspiration of the tendon sheath 
rather than operative removal is advocated by Bearse.®' The aspiration 
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is pei'formed with a large bore transfusion needle, since the ordinary 
aspirating needle is not large enough to evacuate the gelatinous contents 
through its base. Aspiration is followed by tight bandaging for twenty- 
four hours. In some of the reported cases the condition recurred, 
but was cured by another aspiration. In 1 case seven different ganglions 
have been successfully aspirated after two operations for previously 
appearing ganglions. 

ORTHOPEDIC OPERATIONS 

Tcndinoplastic Amputation Through the Femur at the Knee . — 
Callander gives the essentials of his previously described operation 
for amputation of the lower end of the femur. The operation begins 
with creation of an anterior flap running down as far as the tibial 
tubercle and of a longer posterior flap. The muscles are divided through 
their tendinous portions, and hemorrhage is thereby lessened. The 
popliteal vessels and nerves are ligated through a medial approach to 
the popliteal space. The patella is removed, its tendon being left intact, 
and the femur is divided just proximal to the adductor tubercle. After 
the end of the bone is treated, the flaps are held together with widely 
spaced skin sutures. None of the deep structures are sutured. The 
redundant skin is rapidly drawn taut by postoperative contraction of 
the hamstring muscles, and the scar is converted by this pull into a 
posterior one. The author has recorded 80 cases of amputation by this 
method. Most of the patients were elderly persons (over 65 years of 
age). The operation was performed chiefly for vascular complications. 
The operative mortality was 13 per cent. 

Nezv Suture for Tendons and Fascial Repair. — Gratz describes a 
method of suturing divided tendons whereby the strength of the internal 
fixation is increased. Reenforcing figure of eight sutures are placed and 
tied in a V behind the tendons. This allows firm, accurate apposition 
without danger of pulling out of the retaining sutures. 

FRACTURES 

The Most Resistant Fracture. — Hoffman,^® of Geneva, Switzerland, 
reviews the methods of treatment for fracture of the femoral neck, 
giving credit to Delbet for the introduction of a screw or nail for internal 
fixation by a small incision over the trochanter. In discussing the 
problem of nutrition of the femoral head he quotes the law of Roux, 
of Lausanne, Switzerland : “Upon the skeletal structures, all pressure 
produces bone, all traction produces fibrous tissue.” He believes this 
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law is of fundamental importance in. the prognosis of fracture of the 
femoral neck. With recent fracture one may wait as long as ten days 
and correct any organic defect before considering operation. If the 
position is favorable for function and pressure will be exerted on the 
fracture by muscular pull and weight bearing, it should be maintained. 
In cases in which the position of the fragments is not so favorable the 
patient should be operated on if there are no contraindications, ^^'ith the 
patient under spinal anesthesia, the legs are put in traction with gradual 
bilateral abduction. This brings the femoral neck into valgus. Over a 
Kirschner wire as a guide and under roentgenologic control a pin is 
driven into the femoral head. A pillow under the knee is the only 
support after operation. Acti^'e motion in bed is encouraged in one 
week. Early^ walking is permitted only' in cases in which the line of 
fracture is horizontal. In other cases unprotected walking should be 
delayed four months. Pseudarthrosis is caused by^ failure of contact 
under pressure of the fractured ends. Usually in cases of nonunion 
simple osteotomy is performed subtrochanterically. Then an attempt is 
made to bring the surface of the fracture to a horizontal position. 

Fracture of the Femoral Diapliysis. — Bado and his co-workers'*^ 
review 85 cases of fracture of the diaphysis of the femur treated at the 
Hospital Pasteur in iMontevideo, Uruguay. Skeletal traction was 
employ^ed, usually through the femoral condyles. When full reduction 
was secured and easily maintained, a plaster spica carefully modeled to 
the leg was applied from the rib line to the toes. A^^alking in the cast 
was begun in six or seven weeks by'' adults. There were 20 transtro- 
chanteric fractures, 57 in the shaft and 8 above the condyde. Traction 
was usually' continued for from ten to twenty'-two day's. No operative 
reductions were performed in this series of cases. 

The Discus Articularis in Colles’ Fracture. — Tay'lor and Parsons'*' 
point out the importance of recognizing injury' to the discus articularis 
at the distal end of the radius and ulna in Colles’ fracture. The function 
of the discus articularis is to stabilize the inferior radioulnar joint, hi 
Colles’ fracture with a loss of integrity' of the radioulnar joint the 
deformity' may' be due to : ( 1 ) rupture of the ligament itself ; (2) 

avulsion of the ulnar sty'loid at its base, or (3) severe comminution of 
the lower end of the radius with the ligament attached to a loose minor 
medial fragment. Diagnosis is made not only' by' loss of integrity of the 
wrist but by' bulging forward of the ulnar head on the ulnar aspect of the 
wrist and its abnormal movability' in relation to the radius and the hand , 
also, there is marked broadening of the joint, roentgenographic evidence 

41. Baldo, J. L. ; Rolfi, D. V., and Pedemonfe, P. 'V'. : Rev. ortop. y traumafol- 
7:91, 1937. 

42. Taylor, L. W., and Parsons, C. L. ; J. Bone & Joint Surg. 20:149, 1938. 
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of fracture through the base of the^lnar styloid or separation of the 
medial fragment of the radius. Treatment consists of prompt, accurate 
restoration of anatomic relations, under fluoroscopic guidance. Impac- 
tion should be broken up, and restoration of the dorsal position of the 
ulna should be accomplished. After the proper length and articular 
angle of the radius have been restored, there should be close apposition 
of the radius and the ulna to prevent widening of the wrist. The most 
stable position is extreme flexion and ulnar deviation (so-called Cotton- 
Loder position), which should be maintained for ten days in plaster of 
paris. Then the wrist should be placed in a neutral position for ten 
days. Disability usually lasts two months. 

Isolated Fracture of the Triaugular Bone. — Garraud,^“ of Lille, 
France, lists this fracture as rare. Fracture of the triangular bone, 
associated with other injuries of the hand or wrist, is seen a little 
more frequently. A case is reported in detail. The injury occurred 
in a fall on the ulnar side of the extended hand. The diagnosis can be 
made only by roentgenograms taken with the hand in half supination and 
in neutral position as regards flexion of the wrist. The fractures may 
occur by two mechanisms ; ( 1 ) a pull through the dorsal radiotriangular 
ligament when the hand is in hyperflexion and radial deviation, or (2) 
the compression of the bone between the triangular fibrocartilage and 
the pisiform bone. The fracture heals readily, and rigid immobilization 
is unnecessary. Support with a splint during the period of swelling is 
all that is required. The author was able to find only 50 cases of such 
fracture recorded in the literature. 

Fracture of a Metacarpal Bone. — Jahss ■“ flexes the metacarpo- 
phalangeal joint to the involved finger 90 degrees and reduces the dis- 
placement by upward pressure. This method is used for any of the four 
fingers. The position relaxes the interosseous muscles and tenses the 
collateral ligaments. The proximal fragment is then immobilized in 
plaster of paris, which is allowed to dry, after which a second plaster of 
paris strip is applied around the flexed finger to exert a push upward 
to hold the reduction. The uninvolved fingers are left free. 

Injury to the Upper Tibial Epiphysis in Sport. — Holldack describes 
the occurrence of an epiphysial separation at the upper end of the tibia 
of a 16 year old boy during a high jump. There was a loud noise and 
pain while the boy was in the act of jumping. He was unable to arise 
from the sand pit. Roentgenograms revealed that the upper epiphysis 
of the tibia was separated, tilted backward and displaced slightly 
medially. No other pathologic condition of bone was demonstrable. 

43. Garraud, R. : Rev. d’orthop. 25:205, 1938. 

44. Jahss, S. A.: J. Bone & Joint Surg. 20:178, 1938. 

45. Holldack, F.; Arch. f. orthop. u. Unfall-Chir. 38:379, 1937. 
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Reduction was followed by uncomplicated convalescence. The lesion 
was apparently caused by muscular pull and is similar to the avulsion 
of the tibial tubercle in sprinters. The author was unable to find record 
of a similar case. 

Fra-cture of the Os Calcis. — ^Yoerg'*® treats all types of fracture of 
the os calcis except that of the beak and simple fracture of the tuberosity 
b)^ manual manipulation, with complete mobilization of the subastragalar 
joint. With the achilles tendon relaxed, the heel is pulled down and 
the disimpacted fractured bone replaced, a clamp being used. A cast is 
then applied ; it is molded under the malleoli, over the back of the heel 
and under the arch of the foot, with the knee flexed and the foot in full 
plantar flexion. The cast is removed after one month; removal is fol- 
lowed by massage and active motion without weight bearing for the next 
four to six weeks. In the ordinary type of fracture union is complete 
two months after reduction. 

Pathologic Fracture. — Ghormley and his associates review 660 
cases of pathologic fracture from the records of the Mayo Clinic and 
divide them into three groups. The first group consisted of fractures 
attributable to metastatic malignant lesions. Carcinoma of the breast 
was the most frequent lesion in this group, causing six times as many 
fractures as the next known cause, carcinoma of the prostate. The 
second group contained factors attributable to primary malignant lesions 
of the bone, the most frequent of which was osteogenic sarcoma fol- 
lowed by myeloma. The third group consisted of fractures caused by 
benign lesions, of which senile osteoporosis caused three times as many 
as the next disease on the list, osteitis fibrosa. The various diseases 
in which pathologic fracture may'^ occur are discussed. The percentages 
of patients suffering from the A'arious conditions who might be e.xpected 
to have pathologic fractures are tabulated. 

RESEARCH 

Fractures and Vitamin C. — Lauber and his co-workers produced 
fractures of the forelegs of rabbits in two ways: (1) by fracture 
of both bones subcutaneously^ and (2) by open operation, a 2 mm. 
segment being excised from the radius. They found that on the second 
day there was a decrease in the output of vitamin C, indicating tbe 
need for more vitamin C. Increasing the intake of the vitamin did not 
hasten the healing of the fracture; however, giving less vitamin C 

46. Yoerg, O. W. : Surgery 2:493, 1937. 

47. Ghormley, R. K. ; Sutherland, C. G., and Pollock, G. -A..: Pathologic 

Fractures, J. A. AI. A. 109:2111 (Dec. 2d) 1937. <c.itn 

48. Lauber, H. J. : Nafziger, H., and Bersin, T. : Klin. Y'chnschr. 1 • 
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retarded healing. They conclude that if there is a lack of vitamin C, 
callus formation may be speeded up by administration of the vitamin. 
Callus formation was not increased by giving ascorbic acid above the 
normal vitamin C intake. 

Calcium Tolerance Curves in Cases of Paget’s Disease. — After study- 
ing the calcium tolerance curves of a series of 146 persons, including 1/ 
patients with untreated Paget’s disease and 22 normal subjects, London 
and Bernheim conclude that in the presence of this condition there 
appears to be an increased affinity for calcium on the part of the bones 
and tissues or a decreased affinity for calcium on the part of the blood. 
They injected 10 cc. of calcium gluconate intravenously, withdrew 
samples of blood fifteen minutes and two hours later and made deter- 
minations on the serum. The curve of patients with untreated Paget’s 
disease showed a tendency to smaller deviations than that for normal 
controls and that for patients with miscellaneous conditions. Five 
patients with Paget’s disease had an almost flat curve, a result not 
obtained for any of the normal subjects. 

Production of Osteosarcoma in the Mouse. — Brunschwig and 
Bissell believe they have reported the first osteosarcoma experimentally 
produced by a clinical agent. A mixture of 1,2 benzpyrene and choles- 
terol injected into the intramedullary space of the mouse’s tibia produced 
osteosarcoma in eight and one-half months. 

Osseous Changes in the Fetus Produced by Calcium and Viosterol . — 
Fifty-eight women were placed under observation at various periods of 
gestation for the remainder of their pregnancy.''^ Thirty-three of them 
were treated with dicalcium phosphate and viosterol, while 25 served 
as controls. It was found that the total calcium content of the serum 
in the treated group increased slightly during the later part of pregnancy, 
while in the control group there was a definite diminution. The values 
for the total calcium and for inorganic phosphorus of the infants 
exceeded those of the mothers, and this difference was more pronounced 
in the treated group. There was definite evidence of increased density 
of bone in the majority of infants born to the treated mothers. The 
authors suggest that this osteosclerosis, especially in the parietal region, 
might possibly interfere with molding of the head, which is so often an 
important factor in cases of difficult delivery. 

49. London, I. M., and Bernlicim, A. R.: J. Lab. & Clin. Med. 23:18, 1937. 
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Replacement of the Semilunar Cartilage. — Bruce, and Walnisley“- 
observed a partial regeneration of the internal semilunar cartilage of a 
football player who later injured the external semilunar cartilage in the 
same knee. The replacement was apparently of firm fibrous tissue. 
In 5 of 6 dogs from which the external semilunar cartilage was removed 
a similar regeneration with fibrous tissue was seen. This was an 
ingrowth from the articular capsule and not a growth from the remain- 
ing portion of the semilunar cartilage. The authors suggest that a more 
even substitution occurs when the cartilage is removed completely. 

52. Bruce, J., and Walnisley, R. : Brit. J. Surg. 25:17, 1937. 


CORRECTION 

In the article by Drs. Curry and Taylor, entitled “Fractures of Both Bones of 
the Leg,” which appeared in the May issue (Arch. Surg. 36:858, 1938), the 
roentgenogram which appeared as figure 3 should have been figure 6, and that 
shown as figure 6 should have been figure 3. 
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FANTOM LIMB PAIN 

A REPORT OF TEN CASES IN WHICH IT WAS TREATED BY 
INJECTIONS OF PROCAINE HYDROCHLORIDE NEAR 
THE THORACIC SYMPATHETIC GANGLIONS 

W. K. LIVINGSTON, M.D. 

PORTLAND, ORE. 

After the amputation of an extremity it is usual for the patient 
to have sensations that are ascribed to the absent limb. In the 
majority of cases these sensations are most vivid immediately after the 
amputation and as time passes tend gradually to fade from conscious- 
ness. Not infrequently, however, the absent limb becomes the apparent 
site of such severe symptoms that the patient not only becomes more 
keenly aware of the fantom limb than of his normal extremities but may 
be so distracted by the unbearable quality of his pain that he loses his 
social usefulness. 

The attention of the surgeon who undertakes to relieve pain in 
the fantom limb is naturally concentrated on the nerves in the stump, 
not only because they are the conveyors of painful sensation but because 
they represent the only type of tissue at the site of amputation that 
continues to grow. The skin, the muscle, the fascia and the bone tend 
toward atrophy rather than toward continued growth, but the individual 
nerve fibers continue their blind effort to grow down into the absent 
limb. Meeting with resistance, they snarl up into a twisted mass, which 
if large enough to be palpated is called a neuroma. Various methods 
of treatment of the cut ends of nerves have been advocated to prevent 
the formation of neuromas, but it is probable that some degree of piling 
up of nerve fibers in the scar tissue takes place at the cut ends of all 
nerves, no matter what method of treatment is used. Such a neuroma 
may or may not become hypersensitive. A definite neuroma which on 
palpation causes a shocklike sensation flashing out into the fantom limb 
over a known nerve distribution can sometimes be treated successfully 
by local excision and injection of alcohol into the cut end of the nerve. 

But pain in the fantom limb, described in the case histories wiu'ch 
follow, is decidedl)^ different from the pain caused by a hypersensitive 
neuroma. The condition may exist in the absence of palpable neuromas. 
The stump may seem faultlessly constructed. Usually tlie stump is 
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cold ; sometimes it is clammy with sweat, and occasionally it is dis- 
colored and edematous. None of these characteristics, however, appears 
to be essential to the condition, since the pain may occur in the absence 
of any of these objective findings. Perhaps the local coldness of the 
stump is the most constant objective finding, although I have observed 
1 case (case 8) in which the attacks of pain were associated with actual 
increase in the temperature of the stump and dilatation of the veins. 
In most cases there are vasomotor and sudomotor disturbances in the 
stump. The most constant and annoying symptom of which the patient 
complains is a sensation of “tension.” One sufferer gave a most impres- 
sive illustration of this sensation. He asked me to clench my fingers 
tightly over my thumb, strongly flex my wrist and then raise my arm 
behind my back in the “hammer-lock” position. I was told to hold 
this posture. At the end of three minutes the discomfort in my hand 
and arm had grown unbearable, and I was perspiring freely. I took 
my arm down and relaxed my stiffened fingers. “Yes,” he remarked, 
“but you can take your arm down.” 

As Leriche ^ has pointed out, the pain seems to be out of all propor- 
tion to any objective findings 'in the stump, so that to the observer it 
may appear to be grossly exaggerated. The bizarre symptoms ascribed 
to an extremity that is no longer present, the inexplicable variations in 
their intensity and the fact that the subject may be diverted at times 
so as temporarily to forget his pain all suggest that the pain is “central” 
and hence not amenable to surgical treatment. Such a conclusion 
seems to be borne out by the concomitant signs of nervousness, exces- 
sive sweating, exaggerated reflexes and emotional instability that fre- 
quently are associated with the syndrome of fantom limb pain. 

In this paper I shall not enter into a discussion of this explanation 
of the pain picture, except to concede that a protracted period of suffer- 
ing from any cause will profoundly affect a patient’s ability to tolerate 
pain. In such a state of hypersensitiveness the patient may interpret 
as painful a number of afferent impulses which ordinarily are below 
the pain threshold. But my observations of patients with pain in the 
fantom limb do not allow me to escape the conviction that there is a 
physical basis for the original pain phenomena. Just what that physical 
basis may be is still obscure, but that it exists I cannot doubt. In my 
capacity as medical examiner for the state industrial accident com- 
mission of Oregon I have had the opportunity to examine a considerable 
number of men who have had amputations of an upper extremity. 
The proportion of these who feel pain in the fantom limb is surprisingly 
high, and the similarity in their complaints is so striking as to warrant 
the term “fantom limb pain syndrome.” 

1. Leriche, R. : Les douleurs des moignons d’amputation, Presse med. 40. 
869-873, 1932. 
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Ten cases have been selected for report in this paper. In all of these 
the patients have had one or more injections of procaine hydrochloride 
near the thoracic sympathetic ganglions of the affected side^ In 8 of the 
cases the patient felt immediate relief from pain, together with an extra- 
ordinary sequence of subjective and objective changes. In 4 of these 8 
cases the relief was of sufficient degree and duration to suggest that 
injection of procaine hydrochloride is of therapeutic value in such cases. 
However, the purpose of this paper is not to advocate any particular 
method of treatment but rather to call attention to the pain syndrome 
by the presentation of actual cases and to discuss briefly the implications 
of the observations here recorded in relation to the general problem 
of pain. 

REPORT OF CASES 

Case 1. — C. W., a man aged 54, lost his right hand on July 15, 1929. His 
hand was jerked into a sprocket wheel, from which it could not be extricated for 
several minutes. A few hours later the mangled hand and forearm were amputated 
about 2 inches (5 cm.) below the elbow. He did not suffer any unexpected amount 
of pain during the month required for the healing of the surgical wound. When 
he left the hospital, at the end of six weeks, he was conscious of a “deep, heavy 
pain” in the top of the right shoulder. In the next few weeks this pain became 
gradually eased, but in the same interval he became increasingly aware of the 
absent hand. It felt as if it were in a cupped position, tipped slightly toward 
the ulnar side. He was not able to move any of the fingers. At times he would 
feel “cramps” in a finger or in the whole hand associated with a “smarting, 
tingling sensation.” When the stump was exposed to cool air the forearm would 
feel “icy cold.” This sensation rarely involved the fantom hand, which was more 
commonly the seat of a burning sense of heat, “as if it were held too close to a 
hot stove.” He complained of “shooting pains” in various parts of the hand, 
but his chief complaint was of a sense of “terrible” tension, “as if the muscles 
were set and the skin too tight.” When this sensation was most intense the sweat 
would pour from the axilla so as to soak his shirt and sleeve. In times of 
emotional excitement he could be diverted so as to forget his pain momentarily, but 
there was a peculiarly unbearable quality in it that prevented him from reading 
or doing any sedentary task. Although the pain was described as being worse 
during the day, his sleep was fitful and he stated that he was “worn out” with pain. 

The stump was well constructed and of normal color. It was cold to palpation 
and extremely hyperesthetic. He seemed to tolerate light touch less well than a 
firm grasp of the stump. At each end of a curved scar across the cubital fossa 
was a definitely localized point of special tenderness which had been called a 
neuroma. Similar neuromas had been excised previously from other areas, without 
relieving the pain. When these sensitive spots were touched the patient would 
jerk away and complain of a shocklike pain which required several minutes to 
subside. - He constantly guarded the stump with his other hand and was of the 
impression that this guarding continued even during his sleep. Motion at the 
shoulder and elbow was restricted, and the muscles were weak. When one flexed 
the elbow sharply there was precipitated a clonic jerking of the stump which he 
could not control. There was a tendencj' for the jerking to come on spontaneously. 
He was seen to rub the stump gently with his other hand at times. He explained 
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that rubbing the stump seemed to alter the character of the pain in some fashion, 
but he was not sure that it was diminished materially by the action. 

When a sphygmomanometer cuff on the upper part of the arm was inflated 
just sufficiently to cut off the arterial circulation, he reported a definite relief 
from the pain. One could then touch the “neuromas” without eliciting the shock- 
like pain. In addition, he reported that the feeling of tension in the fantom hand 
was distinctly less. When the pressure was released the stump flushed normally, 
and the sensitiveness returned within a few seconds. 

On Jan. 14, 1931, 8 cc. of a 1 per cent solution of procaine h}'drochloride was 
injected in the region of the stellate and the second dorsal sympathetic ganglion 
on the right side. Horner’s syndrome (slight) was noted, and the temperature 
of the stump rose several degrees. With the rise in temperature he reported a 
subjective sense of warmth and relaxation in the absent limb, which he said was 
most pleasant. He felt that he could move his fingers one after the other. The 
neuromas in the stump could no longer be located by the patient. He could 
flex his elbow without precipitating the clonic jerking. The fantom hand felt 
comfortable and relaxed for several hours after the injection. There was some 
return of the feeling of tension the next morning, but during the two succeeding 
days, in which he remained under observation in the hospital, the discomfort, 
tension and jerking, as well as the local hyperesthesia of the stump, were much 
less than before the injection. On the basis of the degree of temporary relief 
afforded by the procaine hydrochloride I advised a sympathectomy, but because 
• of the uncertainty of the final results the operation was not authorized. At that 
time I had no reason for thinking that the temporary benefit might persist, and 
my attention was focused on the interesting observation of the disappearance of 
the neuromas during the test. I have been unable to trace this patient and cannot 
state whether or not his pain recurred in its original severity. 

Case 2. — X, a physician aged 41, sustained a puncture wound of his left hand 
in 1926, when a glass syringe containing Bacillus welchii broke as he was injecting 
the bacillus into a guinea pig. Virulent and rapidly spreading gas gangrene made 
its appearance in the arm during the night, and on the following morning the 
arm was amputated about 2 inches (5 cm.) below the shoulder. For several days 
the wound bubbled gas and drained quantities of serous material. He felt pain 
in the fantom hand from the first day after the amputation. There was a sensation 
that came and went in the thenar eminence as if a sharp scalpel were being 
repeatedly driven into the flesh. The fingers seemed to be tightly clenched over 
the thumb, and he could not relax them. At times the whole arm felt as if it were 
held in rigid extension. After exposure to cold the tension increased, particularly 
in the thumb and in the first two fingers. When the sensation reached a certain 
intensity he felt a “boring” pain that began in the tip of the index finger, ascended 
the hand to the wrist and then spread in a diffuse manner over the entire fantom 
limb. The pain required about thirty seconds to reach the shoulder, at which 
time the muscles of the shoulder girdle began a series of rapid jerking contractions 
which he was unable to control. When the pain was at its height he became pale 
and was nauseated. As the pain faded, the sense of tension in the fingers 
diminished, but never to a degree sufficient to permit them to be moved. 
intervals between the sharper attacks of pain he felt a persistent 'burning m 
the hand. The pain was not unbearable, and at times he could be diverted so as to 
forget it for a short interval. When it became annoying a hot towel thrown 
over the shoulder or a drink of whisky gave him partial relief. 



LIVINGSTON— FANTOM LIMB PAIN 


357 


On June 28, 1932, during a particularly severe bout of pain, an injection of 
procaine hydrochloride solution was given near the cervicothoracic sympathetic 
ganglions on the left side. Horner’s syndrome was present. He reported that 
the individual fingers of the fantom hand began to feel warm and to relax, and 
for the first time in years he felt that he could move the fingers. He could not 
precipitate pain by moving the stump, slapping it or doing any of the maneuvers 
that had previously brought on an attack. When the effect of the procaine hydro- 
chloride wore off the pain did not recur to the degree in which it had been present 
before the injection, and he enjoyed a considerable amount of relief for six months. 

More than a year after the first injection this patient returned, complaining 
of severe pain which he said was of a different type from that which had been 
felt previously. He had never had a recurrence of the “boring” pain, and the 
clonic contractions of the stump no longer bothered him. For several months, 
however, he had been aware of increasing tension in the fantom hand and an 
intolerable feeling of constriction around the shoulder girdle. He had been on 
a hunting trip in Canada about a month before I saw him. The weather had 
been chilly, and although he wore a woolen sock over the stump it had become 
cold. He believed that the exposure had aggravated his distress. The stump 
was- extremely cold, having a temperature 10 or 12 degrees (F.) lower than that 
of the trunk. His shirt was constantly wet with perspiration for its whole length 
on the side of the amputation. On Oct. 12, 1934, 5 cc. of a 2 per cent solution of 
procaine hydrochloride was injected near each of the upper four thoracic sym- 
pathetic ganglions on the left side. When the second needle was inserted below 
the second rib he complained of a sharp, stabbing pain in the base of the thumb. 
This fantom thumb was felt to be tightly compressed within the palm by the 
clenched fingers. An hour after the injection all of the digits except the thumb 
felt warm and relaxed. The thumb remained pressed into the palm, and a few 
hours later he noticed an intense sense of burning in this digit, which soon spread 
to involve the hand and arm. The pain lasted all night, so that he slept less than 
two hours in spite of the use of a hypnotic. The next day the burning sensation 
gradually disappeared, and that night he slept soundly for nine hours. In the three 
years that have elapsed since this second injection there has never been a return 
of his original pain. The stump has remained warm and less sensitive, there is no 
jerking of the muscles, and he considers himself “cured.” 

Case 3. — R. H. D., a man aged 54, lost his right hand on Oct. 31, 1933. He 
was employed in a shingle mill and became caught in a saw which severed the 
right forearm in its middle third and slashed a great wound in his chest and 
abdomen. At the end of nine weeks his wounds were completely healed, but 
there was restriction in the range of motion at the shoulder. He also began 
to complain of pain and sensitiveness in the stump and of increasing tension 
in the fantom hand. The arm and shoulder muscles began a convulsive jerking 
which was annoying and uncontrollable. Tips was associated with “cramping” 
in the fingers. He said it felt as if there were a wire down the center of his 
arm to which his fingers were attached. He also spoke of feeling as though some 
force were pulling on the wire “as if to pull the fingers up through the arm.” At 
times the hand felt hot, as if held by force too close to a hot stove, and the fingers 
became the seat of intolerable burning. He could not move the fingers voluntarily, 
out they tended to shift their position over one another, and in so doing would 
“get caught in cramps.” The thumb was apt to abduct and then slowly draw 
down over the fingers with great force ; then the wrist would slowly flex strongly, 
and the whole hand and wrist would ache. Interspersed between the muscular 



358 


ARCHIVES OF SURGERY 


contractions he felt knifelike stabs of pain through the hand and fingers. When 
the burning sensation was absent the general feeling of the hand and wrist was 
one of coldness, although this was seldom of an unpleasant degree. 

As the patient’s symptoms progressed he was noted to have a rapid pulse, to 
tremble all over and to sweat profusely while talking to the examiner. His 
physical and mental attitude showed a shrinking away from all contacts, and he 
was incapable of carrying out the simplest transactions. He could not read for 
any length of time, and his sleep was disturbed. Hyperesthesia of the stump 
prevented him from wearing his artificial limb. The jerking of his muscles, his 
mental attitude and what was considered an exaggerated hyperesthesia of the 
stump led to his being classed as a patient with “hysteria.” He repeatedly refused 
to consider a closure of his claim against the state industrial accident commission, 
claiming that his pain prevented him from ever doing any work again. A long 
course of physical therapy, excision of numerous “neuromas,” correction of dental 
sepsis and psychotherapy failed to bring about the slightest improvement in his 
condition. 

In June 1935 a 2 per cent solution of procaine hydrochloride was injected near 
the third, fourth and fifth thoracic sympathetic ganglions on the affected side. 
A small amount of iodized poppyseed oil was injected through each needle before 
it was withdrawn, and subsequent roentgenograms showed the material deposited 
along the sides of the vertebral bodies near the ribs from the third to the sixth. 
There was no Horner syndrome, but there was a prompt subjective sense of 
warmth and relaxation in the fingers of the fantom hand. The thumb slowly moved 
outward from the fist position, and one by one the fingers opened. The stabbing 
pains and the jerking of the stump ceased. The two neuromas which had been 
marked out on the stump before the injection were no longer sensitive. 

Examined in November, the patient was found to be wearing his artificial limb 
continuously. He said he occasionally felt sensations of cold or transient pains in 
the fantom hand and that at rare intervals the shoulder muscles would jerk, but he 
expressed himself as delighted with the improvement in his condition. The hyper- 
esthesia of the stump was gone; he slept soundly at night; he had gained in 
weight, and the change in his physical and mental attitude was apparent in his 
demeanor and in his request for closure of his claim. 

Case 4. — R. A. H., a man aged 45, lost his left arm in a railroad accident on 
April 26, 1934. While working as a brakeman he fell with his elbow across the 
rail ; a train wheel passed over the upper part of the arm and the forearm. He 
sustained multiple fractures of the ribs, shattering of the pelvis, rupture of a kidney 
and dislocation of a hip. The partial amputation was completed in the hospital 
within five hours of his accident. He remembered little of wdiat went on around 
him for the first four weeks. In June he began to notice an increasingly painful 
tension in the fantom hand, which soon obscured all his other discomforts. Th^ 
hand felt as if it were tightly clenched, and in cold rveather it would ache as if 't 
had been struck a hard blow. When the pain was severe he could not rest. He 
could always tell when he was about to fall asleep because the fingers would seem 
to relax slightly, and the hand would drop forward at the wrist. Later, the fore- 
arm became painful, “as if it had been scratched and skinned from the elbow to t e 
w'rist.” The fantom hand seemed smaller than the remaining hand, and the arm 
seemed short. The arm felt as it w'ere in a position of elbow flexion, 
thought that if it were hung straight down it would reach about to his waist. e 
stump was so hyperesthetic that he could not permit its being washed; it a 
become foully dirty and was covered with flakes of dead skin. He could not le 
in any position which put strain on the involved shoulder. A patch of s 'in m 
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the cubital fossa was said to itch severely. He was unable to move his fingers 
from the fist position. At times the fingers would press harder into the palms, 
the nails would feel as if they were pressed inward “toward the bones,” the wrist 
would flex and the pain would become “dreadful.” During the three months 
before he was given an injection of procaine hydrochloride he slept only under 
the influence of hypnotics, and the fitful sleep did not rest him. He trembled and 
perspired freely. He cried when attempting to carry on a conversation, and he 
talked frequently of suicide. 

In September 1935 procaine hydrochloride was injected near the thoracic 
sympathetic ganglions on the left side from the second to the fifth. Severe pain 
promptly developed in the precordial region. He became extremely pale; his 
respirations were shallow, and his pulse was rapid and weak. Although this 
alarming reaction lasted but a few minutes, he continued to complain of pain in 
the left side of the chest for about three weeks. This pain occupied his attention, 
but he reported a sense of warmth and relaxation iri the fantom arm. He felt that 
he could move all the fingers except the index finger. 

This man was examined at frequent intervals in the year and a half following 
the injection. His multiple injuries combined to produce permanent total disability. 
His syndrome of fantom limb pain, however, remained alleviated. The stump 
stayed warm and dry and lost its hyperesthesia, so that it could be kept clean 
and soft. There was no longer need to guard the shoulder. He said that he 
would gladly submit to another injection and accept the risk of another complication 
in the chest similar to that following the previous injection, but no further injec- 
tions have been required. 

Case 5. — C. H., a man aged 60, had his right arm partially avulsed at the 
shoulder when it became caught in a gear in November 1931. The amputation 
was completed within a few hours, and a large denuded area in the axilla was 
partially covered with grafts of skin from the abdomen. He was not particularly 
conscious of the fantom hand during the first six weeks after the amputation. 
He then began to have three different types of pain ascribed to the absent limb. 
The first sensation was a continuous burning heat, “like fire in the fingers and 
hand.” The index finger was least affected; the thumb and remaining three 
fingers were most affected. The second sensation was that of “tightness” associated 
with a sense of “trembling, drawing and twisting” in the hand and arm. The 
third type of pain was intermittent and was described as “shooting stabs of pain” 
throughout the limb. These pains were variable in intensity, but he claimed never 
to have been free from them for more than twenty minutes during his waking 
hours. He did not think that his sleep was seriously disturbed and stated that 
the arm “goes off to sleep two or three times before I can get to sleep,” He wore 
a steel-reenforced leather shield over the shoulder to protect it from any contact, 
the scar being so sensitive that blowing one’s breath across it caused him to cringe 
and the shoulder muscles to jerk. 

At the time of the injection in October 1935 the fantom hand was described 
as being in a clawlike position, which he could not alter except by moving 
the indc.x finger slightly. This patient knew that some sort of test was to be 
performed on his back, but I had purposely refrained from e.xplaining the procedure 
or telling him what he might expect from it. Procaine hydrochloride was 
injected near the thoracic sympathetic ganglions from the third to the sixth, and 
he was asked to report any changes in sensation. He promptly reported that the 
hand was becoming warm and that he could move all of his fingers. There 
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was a pleasant sense of relaxation, and the “twisting” tension disappeared. The 
scar was no longer hyperesthetic, and the jerking of the muscles subsided. In 
the next few days the fantom hand, which had always felt somewhat smaller than 
normal, seemed to shrink still more, so that the arm felt to be about 6 inches 
(IS cm.) long and the hand “about as big as a dollar.” Examined three months 
after the injection, he reported a satisfactory degree of relief, but fourteen months 
later he returned, complaining of a recurrence of the original pain. On the day 
he was brought to me by his local physician he had a sharp stab of pain, so severe 
that he fell to the floor in a faint. On Dec. 14, 1936, a 2 per cent solution of 
procaine hydrochloride was injected near the third to the seventh thoracic sym- 
pathetic ganglion and was followed by the injection of a small amount of dilute 
solution of quinine and ethyl carbamate (urethane). He again reported a prompt 
relief from pain and tension, but by March 1937 the fingers no longer felt 
movable, although the pain had not recurred. The dorsum of the hand was said 
to feel colder than the palm. Tn May he reported that the pain had come back. 
A thoracic ganglionectomy was performed by the posterior approach, the fourth 
and fifth sympathetic ganglions being excised and the proximal end of the chain 
being buried in intercostal muscle. Again there was relief from the pain, but 
within a month it had begun to come back. In August I injected procaine hydro- 
chloride near the stellate ganglion, without appreciably altering his subjective 
complaints, and later in the same month I divided the brachial plexus high in his 
neck. The nerve trunks were divided close to the vertebral foramens, alcohol 
was injected, and the cut ends were closed with fine silk sutures. I regret that 
I cannot say definitely whether or not the division of the nerve trunks was proximal 
or distal to the point at which the gray rami join them. The nerve trunks at 
the point of section were not involved in scar tissue and appeared normal in cross 
section. Instead of relieving his pain, the operation made it worse. He said that 
the hand was as tense as ever and the pain unbearable. He entered the hospital 
in December 1937 prepared for a chordotomy, but he wished me to try more 
injections of procaine hydrochloride first. An infiltration of the first, second 
and third thoracic ganglions with 2 per cent solution of procaine hydrochloride 
relaxed and warmed the hand. The pain was again completely relieved, but at 
this writing an insufficient interval has elapsed to permit decision as to whether or 
not repeated injections will help him permanently. 

Case 6. — ^J. C., a man aged 40, had his left hand severed at the wrist by a 
wood saw in September 1931. Infection developed in the stump, and multiple 
incisions were made in the forearm. Healing was complete in two months, during 
which interval he felt considerable pain in the stump but was not particularly 
aware of the fantom hand. With the clearing of the local infection, however, 
his pain seemed to center in the hand. It felt as if it were in a rigid cupped 
position. He complained of severe burning, most intense in the index finger and 
thumb. At times the index finger seemed to begin jerking and the whole arm 
gradually became involved in an uncontrollable twitching. He complained of an 
ache in the shoulder which spread down the arm to the hand, after which sharp 
stabbing pains occurred in the fingers. In the interval between September 193 
and July 1935 he had four operations on the stump, three for neuromas and one 
for the excision of scar tissue and a small exostosis on the end of the radius. 
None of these operations gave him relief. The stump was cold and clammy, an 
there were slight edema and cyanosis at its end. The skin could be moved free } 
over the bones, but subjectively this part of the skin felt as if it were drawn o\er 
the ends of the bones like tight parchment. 
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In July 1935 procaine hydrochloride solution was injected near the second to the 
seventh thoracic sympathetic ganglion. There followed a prompt relief from pain and 
tension in the fantom hand and in the stump. He felt that he could move the 
fingers for the first time since the accident, and, although the hand had not felt 
particularly cold previously, it was now agreeably warm. Examined in January 
1936, he stated that the fingers had gone back to their cupped position. He could 
no longer move them but stated that the tension was not great. He had not 
obtained complete relief from pain in the fantom hand but said that the remaining 
pains were bearable. The stump no longer felt tight, and he could tolerate wearing 
his artificial arm, which he had been previously unable to wear. He had secured 
a job and wished to continue with it, promising to return for further injections 
should they be needed. 

Case 7. — G. M., a man aged 43, in October 1934 had his left hand and forearm 
caught in some gears, which “chewed up” the tissues so completely that amputation 
just below the elbow was necessary. He complained of occasional cramping in 
his fingers, which seemed to be maintained in a tightly clenched posture, but his 
chief complaints related to the stump. It was cold much of the time but at times 
would become flushed and hot, sometimes showing “welts.” It was usually 
of a cyanotic color. He had had neuromas removed three times, and the stump 
had been remodeled twice. In May 1935 the ulnar nerve had been resected 3 inches 
(7.5 cm.) above the elbow, and alcohol had been injected into its proximal end. 
These operations had afforded little, if any, relief. In January 1936 procaine 
hydrochloride was injected near the second to the sixth thoracic sympathetic 
ganglion. Beyond a slight warming of the stump there were neither subjective nor 
objective evidences of improvement. He was then given a long series of treat- 
ments by alternating pressure in a pavaex unit, which afforded more temporary 
relief than any treatment previously given. 

On December 7 and 8 he was given injections of procaine hydrochloride solution. 
The first injection was in the region extending from the level of the third to that 
of the seventh thoracic ganglion, and the one on the following day was in the 
region of the first to the fourth ganglion. No appreciable benefit was conferred 
by either injection. In the latter part of the same month his arm was reamputated 
through the middle third of the upper part of the arm, and an effort was made to 
conserve for skin flaps only areas of skin that had been least cold and discolored. 
He noticed immediate relief after this operation. Examined in November 1937, the 
stump was again cold and cyanotic. It was becoming increasingly hyperesthetic, 
and he was aware of a feeling of increasing tension in the fantom hand. He 
insisted that his condition was still better than it had been before the reamputation, 
but there was evidence suggesting that his original symptoms were returning. 

Case 8 (courtesy of Dr. Howard Naffziger). — L. A. P., a man aged 51, 
“wrenched” his left shoulder in climbing a trestle in September 1930. A month 
later he began to notice numbness and tingling in the fingers, and the hand 
gradually assumed a cadaveric appearance. In November the index finger and the 
distal joint of the thumb were amputated for spreading gangrene. The wounds 
failed to heal. Conservative treatment was unavailing, and in January the hand 
was amputated above the wrist. The stump healed by primarj’ intention within 
ten days, but the agonizing pain that had been present before the amputation 
recurred within two days of the operation and remained constant. In March 
1932 a “sj’mpathectomy” was done, but the report does not make clear exacth- 
what procedure was carried out, and when I examined the patient in Februarj- 
1936 there was no evidence of a vasomotor change in the stump, and Horner’s 
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syndrome was not present. In May 1932 a periarterial sympathectomy was done 
on the brachial artery, and in September of the same year a muscle was divided 
in the cervical region. None of these operations conferred any lasting benefit. 

The patient complained of recurrent series of sharp pains in the fantom hand. 
It seemed to be tightly clenched, and he was unable to open it. The pains were 
aggravated when he felt nervous and were partly relieved by bromides. They 
were definitely worse when the stump was warm, and for the preceding three 
years he had been subject to periodic attacks in which the veins of the forearm 
would become distended and the stump more red and hot than usual. At such 
times the pains were invariably worse. There was no extreme hyperesthesia of 
the stump, but he was unable to tolerate for long the wearing of an artificial limb. 
The peripheral arteries were no longer palpable. No increase in sweating had 
been observed. 

In February 1936 solution of procaine hydrochloride was injected near the upper 
thoracic sympathetic ganglions, without producing appreciable subjective or objective 
changes. 

Case 9. — A. A. P., a man aged 52, had his left arm crushed between his auto- 
mobile and a street car in February 1933. When he recovered consciousness after 
the accident his arm had already been amputated close to the shoulder. He 
complained of “terrific” pain in the fantom limb present “from the very first 
minute.” In addition to a constant and intolerable feeling of tension, the fingers 
felt as if the flesh were being torn from around the nails. The wrist felt as if a 
tourniquet or a wire were tightly constricting it. The arm seemed to be flexed 
at the elbow, with the forearm extended from the body and the fingers in a 
cupped position. At intervals this posture changed involuntarily to the extended 
position of the elbow, and then the fingers would clench tightly into the palm. 
Although he could not alter the position voluntarily, the hand would occasionally 
“get to going,” the fingers would slide over one another and twist and the hand 
would “jerk.” The jerking would always extend to involve the stump, and he 
was in the habit of grasping it tightly to prevent its “flapping about.” Even when 
the stump was tightly held the jerking of the muscles would persist. The hand 
felt “constantly cold and damp,” “as if it were in cold water.” The pain in the 
hand was aggravated by taking cold food or drink and also by cold weather. 
In June a dorsal sympathectomy was performed. The patient was left with a 
Horner syndrome, but there was no relief from pain and the sweating persisted. 
He stated that the left side of his body sweat more than the right and that this 
involved the entire side rather than only the axillary region. In the fall of 1933 
an operation on the brachial plexus failed to give him any relief. He had become 
dependent on large doses of dilaudid hydrochloride supplemented by phenobarbital 
sodium and sodium amytal for the relief of pain and to permit him to sleep. 
At the time I examined him, in August 1936, he was using more than a gram 
of dilaudid hydrochloride daily. 

The stump was soft and warm. There were a few sensitive spots in it, bih 
no definite neuromas and no excessive hyperesthesia. When one stroked downwar 
along the stump he complained that it caused an unbearable pressure to be trans 
mitted into the hand. On Aug. 24, 1936, procaine hydrochloride was injecte m 
the region extending from the level of the third to that of the seventh thcmacic 
ganglion. There was an immediate subjective sense of relaxation in the an > 
but no feeling of warmth was present. In the ensuing week he described a 
of new experiences and sensations in the fantom limb, all of them interprete 
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him as indicative of improvement. There was no jerking of the muscles, and the 
stump was slightly warmer to palpation. The arm had changed to the extended 
position, but the fingers were not clenched. Downward stroking of the stump did 
not cause discomfort. 

On October 1 the injection was repeated, since he still complained of pain in 
the hand. This time he reported a definite subjective warming of the hand, 
increased freedom of motion at the shoulder and still more reduction in the pain. 
He said that his left upper eyelid felt “less heavy” and he thought that it 
drooped less. I was unable, however, to confirm this impression. A few weeks 
later he said that he was greatly relieved of pain and was rapidly ridding himself 
of his dependence on opiates. However, subsequent indirect reports indicated 
that he continued his addiction and, after an automobile accident in which he was 
shown to be at fault, had been committed to a state hospital. I have not been 
able to secure an accurate report of his condition as regards pain in the fantom 
arm. 

Case 10. — E. C. P., a man aged 50, crushed his hand and forearm in some 
carding rolls in October 1934. The crushed tissues became infected, and after 
three months of draining, during which time the patient complained of terrible 
pain in the hand and fingers, an amputation was done just below the elbow. The 
operation did not relieve the pain, and for a time he insisted that the fingers were 
still on. He complained of pain under the finger nails, across the knuckles and 
in the palm of the hand. There was a constant ache in these parts, which was 
aggravated when he smoked cigarets, “as if the fingers swelled more.” The 
stump was sensitive to both deep and superficial contact, and the skin covering it 
felt extremely “tight." He suffered from sudden shocklike pains which came 
on “like the kick of a mule” at irregular intervals of the day or night, sometimes 
as often as twenty-four times in one day. The fantom hand was described as 
being in pronation, with the fingers fixed in a clawlike position and the thumb 
extended. He believed that he could move his wrist slightly but said he could 
not move his fingers. He made attempts to clench the hand into a fist, feeling that 
movement of the fingers might ease the pain. At odd times the stump might 
jerk suddenly, but he had no clonic contractions and no twitching of the muscles. 
The stump was well constructed, and the tissues were soft. The skin was of 
normal color but was colder than normal. I was unable to get a blood pressure 
reading from the upper part of the arm. When the cuff pressure was maintained 
above 120 mm. of mercury (the systolic pressure for the normal arm) he reported 
a feeling of relaxation in the hand and in the stump. The stump might then be 
palpated without causing him distress. No definite neuromas were found. 

In January 1936 solution of procaine hj'drochloride was injected near the 
third to the eighth thoracic sympathetic ganglion on the left side. He became 
pale, and his blood pressure dropped so that it could not be recorded. He was 
nauseated and wet with perspiration. The heart action was slow and the sounds 
distant for more than an hour. For several days after the injection he complained 
of pain in the left side of the chest "around the heart.” During the same 
interval he felt a distinct warming and relaxation of the fantom hand. The 
stump was warm and had lost its hyperesthesia. There was a definite increase 
in the range of motion at the shoulder. The relief afforded by the injection 
remained satisfactory for about three months. His wife then wrote me that 
the pain seemed to be coming back, but up to the present time (January 1938) 
he has not returned for further injections. 
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COMMENT 

On reviewing the literature I find that the method of treating fantom 
limb pain by infiltration of the sympathetic ganglions with procaine 
hydrochloride is not new. In an article dealing with repeated injections 
in the region of the stellate ganglion for a variety of painful conditions, 
Leriche and Fontaine ^ stated that patients with neuralgia in the amputa- 
tion stump have been relieved of pain by this method. In the brief 
paragraph given this subject they made two interesting observations: 
first, that the method has proved so successful as a means of treatment 
that they have abandoned all surgical operations on such patients; 
second, that they have found it of distinct advantage also to inject the 
solution near the second thoracic ganglion. In fact, they concluded that 
better results can be obtained by giving the injection in the region of 
the second thoracic ganglion alone than by injecting the solution near the 
stellate ganglion. 

Until recently most surgeons in treating vasomotor syndromes affect- 
ing the upper extremity directed their attack on the stellate ganglion. 
This ganglion was selected as the focal point because in it were supposed 
to lie the postganglionic cells of the vasomotor nerves to the arm and 
hand. Presumably, all impulses originating in the preganglionic cells 
in the midthoracic portion of the spinal cord must pass through this 
ganglion tcf reach the brachial plexus. My own early operations on the 
sympathetic pathways of the upper limb were directed at the stellate 
ganglion, but in June 1931 I operated on a patient in whom dense 
adhesions between the pleura and the vertebral bodies in the region of 
the stellate ganglion blocked my dissection and led to the removal of the 
third thoracic ganglion only. The immediate result was so satisfactory 
that in the following month I deliberately confined my operation to 
the third thoracic ganglion.® Since that time I have come to believe that 
a sympathectomy at the level of the third thoracic ganglion gives results 
superior to those obtained by an excision of the stellate ganglion. Not 
only does the operation at a lower level prevent the appearance of 
Horner’s syndrome and leave intact important pathways from the spinal 
cord to the head and the thoracic viscera, but the end results seem to be 
better in that there is a more nearly complete relief of symptoms and 
recurrences are fewer. Smithwick * and Telford,® independently, have 
come to the same conclusion. 

2. Leriche, R., and Fontaine, R. : L’anesthesie isolee du ganglion, etoile, 
Presse med. 42:849-850, 1934. 

3. Livingston, W. K. : The Clinical Aspects of Visceral Neurology, Spring- 
field, 111., Charles C. Thomas, Publisher, 1935, (cr) p. 145; (&) p. lOh 

4. Smithwick, R. H.; Modified Dorsal Sympathectomy for Vascular Spasm 
(Raynaud’s Disease) of the Upper Extremity, Ann. Surg. 

5. Telford, E. D.; Technique of Sympathectomy, Brit. J. Surg. 23. ^ ' 

1935. 
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Different explanations have been offered as to why the operation at a 
lower level gives better results. Kuntz ® called attention to the relatively 
constant bundle of fibers connecting the second thoracic ganglion with 
the brachial plexus and suggested that sympathetic fibers from still lower 
levels may ascend in the vertebral canal to join the lower nerves of the 
brachial plexus by way of the corresponding intervertebral foramens. 
In view of this contribution it appears that functioning sympathetic fiber 
tracts may be left intact when the operation or injection is confined to 
the region of the stellate and the second thoracic ganglion. White ^ and 
Smithwick * considered the operation on the stellate ganglion to be essen- 
tially a “postganglionectomy” and the operation at a lower level to be a 
“preganglionic section,” and they interpreted the better results following 
the latter operation as due to the fact that after postganglionic fibers 
degenerate the blood vessels become hypersensitive to the action of 
circulating epinephrine and the sensitivity following preganglionic section 
is considerably less. Personally, I have come to feel that the hyper- 
sensitization to epinephrine observed in experimental animals after post- 
ganglionic section has been overemphasized in attempts to explain the 
unsatisfactory results of cervicothoracic sympathectomy in the treatment 
of human beings with vasomotor disturbances. It has never been proved 
that there is not in the third thoracic ganglion (or even lower) in human 
beings an important component of postganglionic cells related to the 
upper extremity. I have felt that some such possibility as this may 
account for the better results obtained by operations below the second 
thoracic level as compared with the results of those centering in the 
region of the stellate ganglion. At least, in my experience, injections 
of procaine hydrochloride in the region extending from the second to 
the level of the sixth or seventh thoracic ganglion by a technic modified 
from the method of Labat ® have given more complete and lasting results 
than injections in the region of the stellate ganglion. 

In some of the cases of fantom limb pain here reported, the beneficial 
effects of the injection have persisted for weeks or months. These are 
not isolated observations confined to cases of fantom limb pain. 
Flothow ’ and White " have reported cases of painful syndromes in 
which a single diagnostic injection of procaine hydrochloride afforded 

6. Kuntz, A.; The Autonomic Nervous System. J. A. M. A. 106:345-350 
(Feb. 1) 1936; The Autonomic Nervous Svstem, Pliiladelphia, Lea & Febiger, 

1929. 

7. White, J. C. : The Autonomic Nervous System, New York. The Macmillan 
Company, 1935. 

8. Labat, G. : Regional Anesthesia, Philadelphia, W. B. Saunders Companv, 

1930. 

9. Flothow, P. G.: Injections of the Sympathetic Nervous System. California 
S: West. Med. 44:182-186, 1936. 
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lasting relief. This persistent benefit is difficult to explain because under 
ordinary circumstances after local infiltration or regional blocking of a 
peripheral nerve the anesthetic action disappears within a few hours. 
One may assume that the injection of the drug directly into the gan- 
glions destroys some of the nerve cells, as it is well known that the toxic 
action of procaine hydrochloride is greater when it acts on nerve cells 
than when it acts on nerve fibers. This assumption seems to be sup- 
ported by the observation that persistence of the increase in surface 
temperature of the stump and a lasting reduction in the amount of 
sweating may accompany the relief of pain. However, it is not neces- 
sary to make such an assumption, because procaine hydrochloride acting 
only on nen^e fibers may also result in a lasting relief of pain. Infiltra- 
tion with procaine h3^drochloride around painful joints, into muscle, 
around major blood vessels or in sensitive scars often is followed by an 
interval of complete cessation of pain long after the anesthetic effect 
has disappeared. If the pain recurs, the next injection may bring about 
a still longer interval of relief, and repeated injections may afford a 
“cure.” This is true particularly in the obscure types of pain associated 
with phenomena indicating that the sympathetic nerves are overactive. 
For the past few years I have been using this method of treatment, with 
a considerable degree of success, in cases in which long-continued, 
atypical pain in the extremities followed traumatic lesions. It is difficult 
to see why the relief from pain should persist in some cases and not 
in others, but I am inclined* to think that the procaine hydrochloride 
temporarily interrupts a vicious circle of reflexes, which does not at once 
reestablish itself. This possibility will be referred to subsequently. 

When injections of procaine hydrochloride near the second to the 
seventh thoracic sympathetic ganglion are successful in relieving fantom 
limb pain the sequence of objective and subjective changes that ensues 
is little short of miraculous to the patient and the observer alike. The 
pain disappears ; an increasing sense of warmth and relaxation pervades 
the cramped extremity, and one by one the fingers open and can be 
moved voluntarily. The relief of pain, with its associated peripheral 
vasodilatation, is so consistent that one cannot escape the conclusion that 
impulses conveyed by the sympathetic nerves, either efferent or afferent, 


must have been contributing to the painful phenomena. 

It would not be difficult to explain the relief of pain if it were known 
definitely that the sympathetic pathways transmit painful sensation from 
the arm. A few careful observers, such as Foerster,*^® Reschke*^^ and 


10. Foerster, O.; Altenburger, H., and Kroll, F. W.: Ueber die Beziehungen 
des vegetativen Nervensystems zur Sensibilitat, Ztschr. f. d. ges. Neurot u. 
Psychiat. 121:139-185, 1929. Foerster, O.: Ueber das Phantomglied, Med. Kim. 
122:497-500, 1931. 

11. Reschke, K. : Lumbar Ramisection for Causalgia in an Amputation Stump 
of the Thigh, Internat. Abstr. Surg. 59:504-505, 1934. 
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Shaw/^ have asserted that pain impulses from the periphery do traverse 
the sympathetic ganglions. ]\Iany of the data tending to indicate that 
afferent neurons may enter the sympathetic chain by way of the gray 
rami from the mixed nerves or by following major blood vessels 
proximally have been secured in a study of human subjects under 
clinical conditions. The surgical clinic has obvious disadvantages for 
the conduct of controlled experiments, but in a study of so subjective a 
phenomenon as pain it may be a more fertile source of information than 
the laboratory. At least, some of the clinical observations, such as the 
undeniable benefits occasionally conferred by periarterial sympathec- 
tomy, are most difficult to affirm or deny on the basis of animal experi- 
mentation. However, the great weight of experimental evidence is 
against the opinion that pain impulses from the periphery traverse the 
sympathetic ganglions. It indicates, rather, that they follow the mixed 
nerves, to enter the spinal cord by way of the posterior roots of the 
brachial plexus. 

If one concedes that the relief of pain is not due to an interruption 
of afferent pathways, it is apparent that the effect must be attributable 
to an abolition of vasomotor impulses which have been contributing to 
the production of pain. Leriche*® suggested in 1927 that relief of 
peripheral pain obtained by section of sympathetic fiber tracts might be 
due to some alteration of the blood supply acting on pain receptors of the 
somatic nerves. In the same year Sfameni and Lunedei elaborated a 
somewhat similar theory. A more recent presentation of this same idea 
has been advanced by Davis and Pollock in their discussions of 
“referred pain." That the vasomotor effects responsible for the phe- 
nomena of pain act on receptor end organs of somatic sensory neurons 
is implied by the following quotation from their paper ; 

The impulses travel over preganglionic efferent fibers to tiie autonomic 
ganglions. A postganglionic fiber then carries the impulse to the skin, where 
sensory end organs are stimulated. Thus an ordinary somatic painful impulse 
is produced which travels over the spinal sensory nerves, enters the spinal cord 
by way of the posterior roots, and ascends in the lateral spino-thalaraic tract to 
a cortical level. 

It is difficult to make this theory apply to cases of fantom limb pain. 
The patients with this condition feel pain of specific quality and localiza- 

12. Shaw, R. C. : Sympathetic Svstem and Pain Phenomena, Arch. Surg. 
27:1072-1080 (Dec.) 1933. 

13. Lerichc, R.: Rccherchcs ct reflexions critique sur la doulcur, Presse med. 
35:497-499, 1927. 

14. Sfameni, P., and Lunedei, A.: Sui refe.ssi visccro-cutanei e sul mecanismo 
di produzione del dolore nelle affezioni dei visceri c dellc sierosc, Riv. di din. 
med. 28:758-766, 1927. 

15. Davis, L., and Pollock, L. J.; The Role of the Autonomic Nervous 
System in the Production of Pain. J. A. M. A. 106:350-353 (Feb. 1) 1936. 



368 


ARCHIVES OF SURGERY 


tion. It is relieved by interruption of the sympathetic pathways, but in 
this instance there are no sensory end organs in the parts where the pain 
is felt to originate. Since the limb has long since been amputated, it 
follows that pain ascribed to a particular finger cannot be due to any 
physiochemical changes in that finger acting on pain receptors of somatic 
sensory nerves. 

One might assume that nerve fibers as well as end organs are capable 
of originating specific pain sensations when an adequate stimulus is 
supplied. When a sensitive neuroma is pinched a shocklike flash of 
pain may be felt in the area normally supplied by that nerve trunk, but 
such a pain has few of the characteristics .of true fantom limb pain. 
A sensation similar to that produced by pinching a neuroma is caused 
by electrical or mechanical stimulation of exposed fiber bundles of 
mixed nerves, but there are lacking the specific characteristics of heat 
or cold, “tension,” “tearing,” “rawness” or “cutting” observed in 
fantom limb pain, and the pain is not referred to a particular part of a 
single digit. Attempts to stimulate a few fibers or even a single fiber 
have thus far failed to produce a specific or localized sensation. Yet it 
is possible that under experimental conditions the stimulus has not been 
adequate in quality and intensity, and that physicians have been led to 
the erroneous conclusion that specific sensations cannot originate in 
nerve fibers (in much the same way in which early investigators of 
visceral sensation were influenced to conclude that the viscera were 
entirely lacking in pain sensibility because they did not respond with 
sensations of pain to trauma or to thermal or chemical stimuli). Cer- 
tainly it is difficult to avoid the conclusion that, whatever the pathologic 
physiology of fantom limb pain may be, the underlying exciting cause 
is to be found in the amputation stump. By no other means is it possible 
to account for the temporary alleviation of pain by compression of the 
arm with a sphygmomanometer cuff or by direct pressure over the 
principal artery ; nor is it possible to account otherwise for the interval 
of relief from pain that may follow the resection of nerves or blood 
vessels or even the infiltration of the stump with a local anesthetic. 

One can only speculate as to whether the trouble in the fibers is 
caused by compression of nerve trunks by scar tissue, by anoxemia and 
impaired nutrition, by direct stimulation of afferent neurones in the 
walls of damaged blood vessels or by some unknown physiochemical 
agent. Regardless, however, of the other factors which may aid m 
producing the syndrome of typical fantom limb pain, the nerve fibers 
in the stump undoubtedly are the ultimate exciting cause. 

This point is well brought out in a study of the relation of the syn- 
drome of fantom limb pain to other pain syndromes which suggest that 
nerve fibers have been irritated. I have in mind particularly causalgia 
(thermalgia) , but there are also suggestive points of similarity to the 
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cervical rib syndrome, Volkmann’s ischemic paralysis, the “protopathic” 
phase which may accompany nerve regeneration, and certain post- 
traumatic disturbances characterized by intractable pain. 

In the irritative lesions of peripheral nerves there is usually observed 
a characteristic combination of symptoms. The pain is spontaneous 
and peculiarly unbearable ; it tends to radiate ; there are frequently asso- 
ciated sensations of cold or burning heat; hyperesthesia is almost 
invariably present; and, most striking of all, there occur vasomotor, 
sudomotor and trophic changes which indicate that reflexes involving 
the visceral nervous system have been called into play. Usually the dis- 
ability which accompanies the irritative neural lesion is far greater than 
that which occurs when the nerve has been completely divided. This 
fact might be used to argue against the essential similarity of these con- 
ditions to fantom limb pain, because in patients suffering from such 
pain the nerves have, of course, been completely severed; but it does 
argue that lesions which involve nerve fibers are capable of setting off a 
train of serious and disabling symptoms. 

I say “setting off a train of symptoms” because I believe that the 
initial lesion is merely the percussion cap that leads to the detonation of 
the main powder cache. In a former writing “ I said : “It seems proba- 
ble that the injury to certain tissues starts a cumulative process which 
is not confined to the single nerve distribution and which tends to spread 
to involve the spinal cord in diffuse reflex phenomena in which the 
sympathetic nerves are prominently affected.” The interval of time 
that frequently elapses between the injury and the onset of the pain, the 
period of relief that may follow the division of nerves at higher levels 
and the increasing momentum of alt the associated phenomena suggest 
that a vicious circle of reflex activity is present. Unquestionably, the 
sympathetic nerves form an important link in the vicious circle. Once 
the sympathetic nerves are involved, anything that adds to their activity, 
whether it be emotional distress, cold, barometric alterations or local 
injury, may augment the pain. Conversely, anything that lessens their 
activity, such as mental equanimity, physical relaxation, warmth and 
comfort, or careful guarding of the part, may diminish the intensity of 
the pain. Finally, anything that interrupts the sympathetic component 
of impulses may break the vicious circle temporarily. If the break is 
complete, a considerable period of time may elapse before the circle is 
established in its original intensity and the centers of the spinal cord 
and the brain are involved. If the circle is repeatedly broken, it may 
never reestablish itself effectively. I believe that in this rather vaguel}’ 
expressed concept may lie the explanation of the fact that repeated 
injections of procaine hydrochloride near the sympathetic ganglions 
have “cured” fantom limb pain in some cases. 
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It is possible that, as Leriche^ has suggested, a certain “tissue 
susceptibility” in particular persons (just as some patients have a ten- 
dency to keloid changes in surgical scars while others have not) may be 
a factor in determining whether with irritative neural lesions they will 
have causalgia or whether after having an amputation they will suffer 
faritom limb pain. Without doubt, the temperament of the patient has 
much to do with his reaction to pain. It is also possible that showers 
of afferent impulses from the periphery ma)"^ hypersensitize the spinal 
cord or the brain centers, or that garbled messages from the stump 
ma)^ be misinterpreted by the thalamic centers, so that, as Stopford 
has suggested in the case of protopathic pain, there may be overreaction 
and exaggeration. Yet it seems to me wholly unreasonable to conclude 
that because a particular patient suffers from causalgia or fantom limb 
pain while another with an apparentl)’’ similar lesion does not the patient 
with painful symptoms is therefore neurasthenic and his trouble is not 
amenable to any but psychic therapy. There should be sympathy and 
understanding as well as unsparing effort to relieve the suffering of 
these unfortunate persons, even though physicians’ insight into the 
mechanisms responsible for the pain is still obscured. 

SUMMARY 

The s3mdrome of fantom limb pain is a definite clinical entity. 

Its symptoms may be temporarily alleviated in many instances by 
injections of procaine hydrochloride in the region of the thoracic sympa- 
thetic ganglions. 

Occasionalty, the relief afforded by such an injection persists for a 
long time. 

The observations here reported suggest that the present interpreta- 
tion of the influence of the sympathetic nerves on pain of peripheral 
origin ma)^ require modification. 

16. Stopford, J. S. B. : Sensation and the Sensory Pathways, London, Long- 
mans, Green & Co., 1930. 



OSTEOMYELITIS OF THE PELVIC GIRDLE 


ABRAHAM 0. WILENSKY, M.D. 
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Like all other bones of the skeleton, the component parts of the 
.pelvic girdle are subject to the occurrence of foci of osteomyelitis. It is 
found that the forms of osteomyelitis usually resulting from or asso- 
ciated with various kinds of trauma are more prevalent than the ortho- 
dox hematogenous forms resulting as thromboembolic phenomena in 
the course of a general infection (sepsis, pyemia or bacteremia). 

ANATOMY 

The pelvic girdle is composed of two main divisions: (1) the 
sacrum ^ and (2) the innominate bone. The sacral vertebrae conform 
in structure, external form and physiologic function with the other 
bones of the spine, except that they are fused during adolescence to 
form the adult entity known as the sacrum. 

The innominate bone is one of the most irregular bones of the body. 
The external physical form of its major segments resembles that of 
all the other bones of the skeleton, including the long bone, the flat 
bone and the irregular bone proper. Nevertheless, its intimate struc- 
ture is essentially that which is seen in the true irregular bone, such 
as the vertebra or the maxilla, and consists of an outer thin plate of 
compact osseous tissue surrounding and enclosing an interior mass of 
cancellous tissue. Nowhere is there a suggestion of a marrow cavity. In 
the parts where function demands broad surfaces and a thin platelike 
structure, the cancellous tissue disappears entirely, and only the two 
opposing layers of compact bone tissue remain, fused in a thin plate. 
This is especially noticeable at the bottom of the acetabulum and in the 
center of the iliac flare. During the development of an osteomyelitic 
focus perforation of these thin parts of the bone is relatively common. 

The entire structure is covered by a well developed periosteum (to 
which the various muscles are attached) except for certain areas. 
Along the crest of the ilium, over the anterior and especially the pos- 
terior iliac spine and over the anterior surfaces of the rami of the pubis 

1. .'\s the subject of osteomyelitis of the spine has been thoroughly discussed 
on another occasion, I shall not include any extensive discussion of osteomyelitis 
of the sacrum in this communication except where it is found necessary because 
of its association with osteomyelitis of the innominate bone proper. 
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and the ischium the attachment of the muscles makes for deep anchor- 
ages, which disturb somewhat the distinctness of the individuality of 
the periosteal membrane. This is necessary because of the physiologic 
function of these muscles. At the symphysis pubis and at the sacroiliac 
synchondroses the periosteum disappears and is replaced by a thin layer 
of cartilage; the entire structure at these areas is surrounded by ,-thick 
ligamentous layers. 


The Blood Supply . — The blood supply of the pelvic girdle comes 
from the periosteal plexus, which is formed by a number of supply 
vessels perforating the periosteal layers at various points. A distinct 
nutrient vessel commonly perforates the outer side of the ilium between 
the crest and the anterior and posterior gluteal lines. On the inner 
side the iliac branch of the inferior gluteal artery perforates the bone 
under cover of the iliacus muscle. 

The obturator artery passes forward and downward on the lateral 
wall of the pelvis to the upper part of the obturator foramen. Inside 
the pelvis it gives off iliac branches to the iliac fossa, which supply the 
bone and the iliacus muscle; it has also a pubic branch, which ascends 
on the back of the pubis, communicating with the corresponding vessel 
of the opposite side and with the inferior epigastric artery. Outside the 
pelvis the obturator artery, by its posterior branch, follows the posterior 
margin of the foramen and turns forward on the inferior ramus of the 
ischium, where it anastomoses with the anterior branch. It supplies an 
articular branch which enters the hip joint through the acetabular notch, 
ramifies in the fat at the bottom of the acetabulum and sends a small 
branch along the ligamentum teres to the head of the femur. The 
internal pudendal artery gradually approaches the margin of the inferior 
ramus of the ischium and passes forward between the two layers of 
the fascia of the urogenital diaphragm ; it then passes forward along the 
medial margin of the inferior ramus of the pubis. 

According to Lexer, Kuliga and Turck, the most important part of 
the blood supply goes to the ilium. The most important vessel per- 
forates the inner side of the ilium near the posterior end of the arcuate 
line and proceeds forward, upward and anteriorly toward the flare of 
the bone. Many branches proceed toward the iliac crest. Relatively 
large vessels supply the upper ramus of the ischium and proceed back- 
ward in the general direction of the sacroiliac synchondrosis. Little 
change in the arrangement of the blood vessels occurs as the person 


grows older. 

The blood supply is at a minimum where the bone is thinnest an 
consists of compact bone solely; it varies in other parts of the bone 
with the extent of the cancellous structure, and in young persons it is 
most abundant in and around the centers of ossification. Here tie 
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vascular loops are to all intents and purposes end vessels. The most 
abundant supply is in the general neighborhood of the acetabulum and 
the junction of the three segments of the innominate bone. Clinically 
this corresponds to the more frequent localization of foci of osteomye- 
litis in these areas. 

An extraordinary fact in this ensemble is the relatively small blood 
supply as compared with that of other bones. Possibly this is the most 
important single factor which contributes to the relatively small number 
of foci of osteomyelitis which occur in the pelvic girdle, for poverty of 
Avascular channels would give small opportunity for the establishment 
of thromboembolic foci. 




Fig. 1. — Blood supply of the innominate bone; semidiagrammatic, after E. 
Lexer, P. Kuliga and others (Untersuchungen mittelst Rontgenaufnahmen injizierter 
Knochen und ihre Bedeutung fiir einzelne pathologische Vorgange am Knochen- 
systeme, Berlin, A. Hirschwald, 1904). A, view sketched from the outer side of 
the bone. B, view sketched from the inner side of the bone. 

Development and Ossification. — According to Gray’s “Anatomy” : 

. . . the hip bone is ossified from eight centers: three primary — one each for 
the ilium, ischium, and pubis ; and five secondary — one each for the crest of the 
ilium, the anterior inferior spine, the tuberosity of the ischium, the pubic syinpbysis 
and one or more for the Y-shaped place at the bottom of the acetabulum. . . . 
At birth, the three primary centers are quite separate. The others . . . being 
still cartilaginous. By the seventh or eighth year, the inferior rami of the pubis 
and ischium are almost completely united by bone. About the thirteenth or 
fourteenth year, the three primary centers have e.\tended their growth into the 
bottom of the acetabulum, and are there separated from each other by a 
Y-shaped portion of cartilage, which now presents traces of ossification, often 
by two or more centers. One of these, the os acetabuli, appears about the age 
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of twelve, between the ilium and pubis, and fuses with them about the age of 
eighteen; it forms the pubic part of the acetabulum. The ilium and ischium 
then become joined, and lastly the pubis and ischium, through the intervention 
of the Y-shaped portion. At about the age of’ puberty, ossification takes place 
in each of the remaining portions, and they join with the rest of the bone 
between the twentieth and twenty-fifth years. Separate centers are frequently 
found for the pubic tubercle and ischial spine, and for the crest and angle of 
the pubis. 

Clinically, the various centers of ossification are important because 
terminal loops (that is, end arteries) are present in the areas sur- 
rounding the centers of ossification. They form points of election for 
the formation of thromboembolic foci, and in actual practice foci of 
osteomyelitis are found to develop most frequently in these areas and 
in association with the abundant Avascular plexus found in the neigh- 
borhood of centers of ossification. 

Physiology and Function . — ^The most important function of the 
pelvic girdle is mechanical; the bone serves to transmit the Aveight of 
the trunk and the upper limbs to the loAver extremities. The under- 
lying principle of the general architecture of the pelvic girdle is that 
of the arch. The obliquely lateral curve of the innominate bone proper 
corresponds to the sides of the arch, and the sacrum corresponds to 
the keystone. The various stresses and strains are so disposed that the 
lines of force also correspond to a series of arches obliquely super- 
imposed one on the other. In this way the maximum amount of physio- 
logic purpose is achieA^ed Avith a minimum of structural material. In 
order to lessen concussion in rapid changes of distidbution of the Aveight, 
the sacroiliac articulations are interposed between the sacrum and the 
iliac bones, and the pubic symphysis exists in the middle of the ante- 
rior arch. 

During pregnancy the pelvic joints and ligaments are relaxed and 
are therefore capable of extensive movements. When the fetus is being 
expelled the force is applied to the front of the sacrum. Upward dis- 
location is again prevented by the interlocking mechanism of the middle 
segment. As the fetal head passes the anterior segment the latter is 
carried upward, enlarging the anteroposterior diameter of the pelvic 
inlet; when the head reaches the posterior segment this also is pressed 
upAvard against the resistance of its Avedge, the movement being possible 
only by the laxity of the joints and the stretching of the sacrotuberous 
and sacrospinal ligaments. 

CLASSIFICATION OF FORMS OF OSTEOMYELITIS FOUND CLINICALLA 

Primar}’’, extension and hematogenous forms of osteomyelitis occur 
in the bones of the pelvic girdle. As a general rule, the number o 
cases of the primary and extension forms of osteomyelitis excee 
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the number of those in which the condition is due to hematogenous 
infection. Frequently there is a certain amount of association of the 
mechanisms causing the primary and extension forms, so that it is 
difficult clinically to differentiate accurately between the two. The dif- 
ficulty exists especially with conditions occurring after trauma or after 
a surgical operation. When the physical objective signs of the infection 
of bone occur immediately there is little doubt that the process is a 
primary osteolytic infection. When some time elapses between the 
operation and the demonstration of the osteomyelitic process, one of 
two explanations is possible : 1. The process may have started imme- 
diately but with so few subjective and objective symptoms that the 
infection of the bone was not observed until it had passed into the chronic 
stage. Such a process is still a primary infection of bone, that is, pri- 
mary osteomyelitis. 2. Infection may have developed in the soft parts 
and a steady progression of the process occurred until the bone was 
secondarily involved and the condition was recognized clinically some 
time later. This is the e.xtension form of osteomyelitis. The following 
description of the primary and extension forms of osteomyelitis of the 
pelvic girdle is made with this reservation in mind. 

In cases of hematogenous infection there is practically never any 
difficulty clinically in determining the pathogenic origin. 

PRIMARY OSTEOMYELITIS OF THE BONES OF THE PELVIS 

■ Primary osteomyelitis of the pelvic girdle is always a consequence 
of trauma and necessarily follows the production of an open wound 
which communicates with the bones. Though a gross fracture is usually 
demonstrable, it is not necessarily so; a stab wound may traverse the 
overlying soft parts and penetrate the bone, or a bullet may cause a 
groove in the surface of the bone. In compound fractures the com- 
munication may extend to the skin, to the interior of the bladder or 
bowel or to the surface of the vagina. In civil life the commonest form 
of compound fracture extends into the bladder; in comparison with 
this, compound fracture into the skin or into the rectum is uncommon. 
Communication with the vagina is somewhat more common. Primary 
or secondary infection of the bone as a consequence of compound 
fracture into the bladder is most unusual, because operation is almost 
always immediately necessary and modern technic requires closure of 
the bladder wound and drainage of the bladder through the urethra by 
catheter. If because of the situation of the bladder rupture (for example, 
if it occurs at the neck of the bladder) immediate closure of the bladder 
is impossible, the drainage of urine is established by tiie suprapubic 
route; the e.xtension form of osteomyelitis occasionally follows, as will 
be pointed out later. 
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In both civil and military traumas of large degree, as, for instance, 
when a fall from a great height causes extensive shattering of the pelvic 
girdle with compounding of the fracture either externally or internally, 
or in wounds caused by shrapnel and shell with equally extensive 
loss of tissue, the injury is commonly of such importance as to cause 
death either immediately or very shortly. Under such conditions, osteo- 
myelitis does not have any opportunity to develop. 

In civil and military life wounds produced by similar objects (that 
is, bullet wounds and stab wounds) are essentially similar. Troops in 
active engagement, however, are handicapped by fatigue, by under- 
nourishment, by the filthy conditions of field warfare, by the extraor- 
dinar}? likelihood of fecal contamination of any and every wound, by 
the frequent inclusion of foreign bodies (for example, pieces of cloth- 
ing) in the wound and by delay in receiving adequate medical and 
surgical attention. 

The treatment for these forms of injury is essentially prophylactic 
and is planned to prevent infection of any kind in any part of the 
tissues involved in the injury; naturally, this also includes the preven- 
tion of any infection in the osseous tissue. In differentiating between 
the injuries occurring in civil life and those occurring in military life 
it will be found that the necessary debridement is more extensive with 
the latter class of injuries than with the former. Except for this the 
treatment, prophylactic and otherwise, is the same in either class. In 
cases of injuries communicating with the intestinal tract it is advisable 
to administer prophylactic doses of gas gangrene and tetanus antitoxin. 

Primary infection of the pelvic girdle complicates operations on the 
bone itself^ on the tissues in contact with it or on the organs housed 
in the pelvis when the surgical procedure necessitates baring of the 
osseous structure or resection of portions of it. The two commonest 
varieties of infection occur with operation for sacral dermoid cyst and 
with the sacral or perineal type of operation for carcinoma of the 
rectum. 

Osteomyelitis Following Operation for Excision of Sacral Dermoid 
Cyst. — I have seen several persons in whom a superficial form of osteo- 
myelitis of the sacrum followed excision of an infected sacral dermoid 
cyst. Clinically these infections of the bone served to inhibit the healing 
of the wound for a much longer period than was normal. In no instance 
was a revision of the wound found necessary. 

Osteomyelitis Following the Sacral Type of Operation for Caret 
noma of the Rectum. — In the sacral (Kraske) and in the perineal form 
of operation for carcinoma of the rectum all the factors just referred to 
are present. A common postoperative complication is a necrotizing 
infection of the soft tissues attached to the sacrum. This infection 
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occasionally is extensive enough to pass around the great sacrosciatic 
notch and involve the ilium; the necrotized tissues become black, and 
gas is frequently produced. When the patient is able to withstand the 
immediate effects of the operation and the subsequent effects of the 
intense necrotizing inflammation, the eventual separation of the dead 
and sequestrated tissue commonly reveals that the infection has passed 
into the underlying bone, and frequently small sequestrums are extruded. 

In the sacral operations and in a few of the perineal operations in 
which the coccyx alone is excised, there is usually an immediate infec- 
tion of the bone at the line of section. Some, at least, of the extraor- 
dinary length of time necessary for the healing of the wound undoubtedly 
must be referred to the infection of the bone. 

The infection found complicating perineal operations is undoubtedly 
an immediate infection, or primary osteomyelitis. The type of infec- 
tion which complicates sacral operations partakes of the mechanism of 
both primary and secondary infection of the bone. 

The treatment of either of these forms of osteomyelitis when the 
condition occurs as a complication of operation is conservative. 

EXTENSION FORMS OF OSTEOMYELITIS OF THE PELVIC GIRDLE 

Extension forms of osteomyelitis of the pelvic girdle also follow 
as a complication of the clinical events outlined in the previous sections. 
In clinical practice the following varieties are found in addition. 

Osteomyelitis of the Pubis Folloiving Suprapubic Cystotomy . — In 
this clinical syndrome there is apparently a mild form of infection cus- 
tomarily indicated by the term “periostitis” or “osteitis.” It occurs 
after operations in which the bladder is opened, and subsequent urinary 
drainage occurs through a suprapubic fistula for the usual considerable 
length of time. The operations are commonly done for hypertrophy 
of the prostate, for malignant tumor and occasionally for stone. The 
development of the pathologic process in the bone is aided by the necro- 
tizing effect of the irritating and infected urine on the soft tissues 
attached to the symph3-sis pubis. The bone is secondarily bared and 
infected after the separation from it of the necrotic soft tissue. In 
this extension condition infection in the osseous tissue is aided b_v 
injury to the periosteum or to the bone, b}”^ continued traction of the 
muscles attached to the bone and most of all b^' necrosis of the margins 
of the drainage tract caused b)’^ pressure of the tube or other drainage 
apparatus. Diabetes when it exists is a powerful adjuvant factor. In 
cases in which a malignant lesion is present the undernourished condi- 
tion of the tissues is also an important factor. 

In the literature there are ouh’ a few references to this complication 
of suprapubic CN’stotomy. There are references to it Iw Cabot in his 
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“System of Urology,” by Lazarus ® and by Beer.® Beer’s paper from 
the Mount Sinai Hospital, New York, includes' reports of 3 cases in 
which the condition was positively identified and a reference to “numer- 
ous other similar cases.” Lazarus’ experience included the observation of 
3 cases. In 1 of these the lesion was proved roentgenologically to be 
extensive. This should not mislead any one into taking it for granted 
that this complication is rare. It is so easy to fail to recognize the 
clinical fact of this lesion’s occurrence in what may be a large, foul and 
badly infected wound that many more such lesions actually occur than 
are recognized or reported. The .extensive lesions are recognized ; the 
lesser ones, lesser both in extent and in clinical disturbance of postop- 
erative convalescence, are lost because of the physician’s negligence or 
because of his inability to recognize the subjective and objective symp- 
toms. 

The clinical picture of this complication is usually definite. Because 
of the situation of the osteomyelitis in the symphysis, the pubis and the 
neighboring rami, the outstanding symptoms are pain over the lower 
attachments of the rectus abdominis muscle, over the body, symphysis 
and rami of the pubic bone and over the inner aspects of the thighs 
with spasm of the adductor muscle, so that the patient finds it painful 
to walk, to spread the thighs and to cough. Late symptoms are pain 
on defecation and terminal dysuria. Fever may be present in the early 
stages of the complication, but even then it may not be properly referred 
and integrated because of the original disease and operation. Any sup- 
puration referable to the osseous lesion is unrecognizable clinically in 
the usual discharge from the wound, diluted as it always is in the 
escaping urine (see section on hematogenous osteomyelitis of the pubis). 

In the early stages of the lesion roentgen examination may yield 
entirely negative results or may reveal an inconclusive fraying of the 
edges of the bone. In extensive lesions in a later stage there are definite 
areas of absorption which leave little doubt that some extensive lesion 
has occurred. In the absence of a malignant condition the diagnosis 
can be definitely made of an inflammatory lesion, that is, osteomyelitis. 
In the presence of a malignant condition the diagnosis is not quite so 
simple, and differentiation must be made from metastatic deposits m 
the bone. Also, it is conceivable that the two lesions may coexist. 

Osteomyelitis of the pubis is usually a self-limited complication o 
suprapubic cystotomy. The treatment should usually be palliatnCj 
expectant and conservative. Naturally, the sinus will not close un i 
the condition of the bone is normal, but in the reported cases a perrna 
nent fistula has rarely, if ever, occurred. In cases in which the lesion 


2. Lazarus, J. A.: Ann. Surg. 103:310, 1936. 

3. Beer, E.: J. Urol. 20:233, 1928. 
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is extensive sequestration may take an untoward length of time, and 
in some the time of healing and convalesence may be shortened by revi- 
sion of the wound. Ordinarily the time of healing varies, according to 
the extent of the lesion, from two to six months. 

Osteomyelitis of the Pubis Occurring After and Complicating 
Symphysiectoniy in Obstetric Cases. — In a review of the literature up 
to 1934 Jentzer * could find only 1 case of this kind. None of several 
obstetricians whom I consulted could recall a similar case in his experi- 
ence. Jentzer ’s experience consists of the observation of a single case. 

Jcntzer’s patient, a woman aged 29 who had never been seriously ill, was 
subjected to symphysiectomy during a difficult delivery. About two weeks later 
she complained of pain in the pelvis, and there was a discharge from the wound 
over the symphysis. When she began to walk she felt agonizing pain in the 
region of the pubis, and her gait resembled that caused by bilateral congenital 
dislocation of the hip. Her condition gradually became worse. About five 
months after the delivery, when she was first seen by Jentzer, roentgen exami- 
nation of the pubis showed separation of the symphysis for about 20 mm., destruc- 
tion of bone, rough edges and small sequestrums. Operation was followed by 
complete recovery. 

I was able to find an additional case in the records of Sbderlund.® 

In Sdderlund’s case the patient was a woman who had had an uncomplicated 
labor and who complained thereafter of pain radiating down the right lower 
extremity which continued during the puerperium. The pain increased pro- 
gressively during the next one and one-half years, and eventually it also radiated 
to the right hip. A vaginal discharge appeared early, continued and was finally 
traced to a sinus which communicated with the os pubis. This led to the correct 
diagnosis. After sequestrotomy the symptoms promptly subsided. 

HEMATOGENOUS OSTEOMYELITIS OF THE PELVIC GIRDLE 

Except for its location and some factors peculiar to this location, 
hematogenous acute osteomyelitis of the bones of the pelvic girdle differs 
in no way from similar forms of osteomyelitis in any of the other bones 
of the skeleton. All the facts applying to the etiolog)', bacteriology', 
mechanism of infection, pathology and pathogenesis yvhich I have 
described and discussed on many previous occasions, and have also 
included in my book,''® apply to hematogenous acute osteomyelitis of the 
bones of the pelvis. 

The groups of reported cases found in the literature are summarized 
in table 1. 

The Mount Sinai Hospital series contained 346 cases of osteomyelitis 
of all types and of all the bones of the skeleton. The patients were 

4. Jentzer, Rev. d'orthop. 21:289, 1934. 

5, Sddcrlund, G. : .Acta chir. Scandin.iv. 67:850. 1950, 

5a. Wilensky, O.: Osteomyelitis: Its Pathogenesis. Symptomatology and 
Treatment, Xew York. The Macmillan Company, 1934. 
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admitted to the hospital between 1926 and 1932. There were 12 cases 
of hematogenous osteomyelitis of the pelvic bones. The distribution 
is shown in table 2. I have had 1 private case of hematogenous osteo- 
myelitis of the ilium in which the condition occurred in a patient with 


Table 1. — Cases of Hematogenom Osteomyelitis of the Pelvis Reported 

in the Literature 
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Bacteriologic studies are available in 2 of these 12 cases. In 1 case 
the lesions yielded Staphylococcus aureus; in the other they yielded 
Streptococcus haemolyticus. In both of these cases the blood culture 
was positive. 

Pathogenesis and Pathology . — ^The pathologic picture, pathogenesis 
and mechanism of hematogenous acute osteomyelitis in the pelvis are 
exactly similar to those of the same condition in the other bones of the 
body and are based on the formation of a thromboembolic lesion in the 
vascular plexus of the bone. Because of the essential anatomic and 
vascular conditions there is no repetition of the typical distribution seen 
in the long bones, and the lesions produced in the pelvic bones are of 
irregular size and shape and are determined by the anatomic arrange- 
ment of the blood vessels. In the pubis and ischium the lesions vary 
from concentration in inconsequential segments to involvement of nearly 
the entire anatomic segment. In the ilium the lesions most often arc 
in the neighborhood of the acetabulum or along the crest; in the flare 
of the ilium complete development of the lesion is commonly followed 
by oval or circular deficiencies in the bone structure. Periosteal lesions 
are as common as lesions involving the entire thickness of the bone. 

General Symptoms . — The general symptoms and course of acute 
hematogenous osteom 3 'elitis of the bones of the pelvis differ in no way 
from those present when the disease attacks other bones of the skeleton. 
This is especially exemplified when multiple lesions are present and 
when one or more of these are located in the pelvis. The several classi- 
fications into hyperacute and moderately severe infections obtain in cases 
of pelvic localization as well as in others. 

In the hyperacute condition the clinical picture is that of a profound 
and overpowering infection and intoxication of the entire system. There 
are initial chills and subsequent high fever, and the general condition 
rapidly becomes alarming. Blood cultures are positive as a rule. The 
signs of any local disease are at a minimum, are frequently absent, and 
when present and looked for are not easily demonstrable, owing to the 
tremendous intoxication which is present. With the most severe forms 
death follows in a few hours from the general infection. From the 
severe and dramatic forms, all grades of intensity of infection exist, 
down to those described in the following sections. 

In ca.scs in which the condition is very severe the diagnosis is fre- 
quently in doubt beyond the bare fact of the presence of a general 
infection. Erroneous diagnoses are common: frequently the disease 
is assumed to he typhoid fever, or because the character of the symp- 
toms is influenced by the rapid development of some complication witltin 
the meninges it is thought that cerebrospinal meningitis is present. 
Examples of this kind arc numerous in the literature. 
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The differentiation of osteomyelitis from other diseases is not, 
moreover, the sole diagnostic difficulty. It is also extremely difficult 
to determine whether the osteomyelitic focus exists in those segments 
of the innominate bone which are anatomically distant from the iliac 
flare and crest, whether it is located in the hip joint or whether it is to 
be found in the head or neck of the femur. Even when local symptoms 
of pain and tenderness, general tumescence and limitation of motion are 
present this difficulty is not lessened. Roentgenographic studies do not 
give any indication of the location in the first ten days of the infection 
and are therefore of no help. An illustrati\’'e case is the following one 
from the records of the Mount Sinai Hospital ; 

A boy was admitted with symptomSA){ a severe infection and with local signs 
pointing to the general region of one hip. Because it was not possible to locate 
the focus accurately, I decided to follow the conservative method of treatment 
and not to operate. This treatment gave satisfactory results, and operation was 
never done. Several months later there was roentgenographic and clinical proof 
that the focus was in the lower ramus of the pubis. The possibility of this locali- 
zation had not occurred to me or to any of ray associates at the time the patient 
was admitted to the hospital. 

Local Symptoms . — The local signs present special characteristics 
according to the segment of the pelvic girdle which is involved. These 
may be referred (1) to the sacrum, (2) to the sacroiliac region, (3) 
to the flare of the ilium, (4) to the central acetabular region, (5) to 
the pubic bone or (6) to the ischium. 

I. HEMATOGENOUS OSTEOMVELITJS OF THE SACRUM 

At an early stage of hematogenous osteomyelitis of the sacrum the 
patient shows a tendency to assume the supine posture. Tenderness 
and rigidity of the lower end of the spine are present. In a few days 
the following local signs point to the actual seat of disease: 

Local Sxvcllitig . — When the lesion is in the posterior aspect of the 
sacrum the signs consist in the development of a widespread and indefi- 
nitely demarcated edematous swelling and tenderness over the appro- 
priate part of the sacrum. The swelling is usually not detected before 
the third or fourth day, and in some of the recorded cases it was detected 
even later. A striking characteristic is the widespread area of the soft 
parts affected as compared with the extent of the affected area in the 
bone. 

When the process is in the anterior jxirt of the bone and show.s a 
tendency to point anteriorly, there is little, if any. e.xternai evidence 
of the c.xistence of infection in the bone. In cases of severe involve- 
ment the nature of the illnc.^s is lost, and a diagnosis of typhoid fever 
or of meningitis is often made; in some cases, indeed, tlte true diagnosis 
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is made only after death. Rectal examination is the most important 
part of the physical examination. The elicitation of tenderness. and the 
palpation of the subperiosteal abscess which invariably forms in the 
hollow of the sacrum should lead to a correct diagnosis. 

Local Pain . — In cases in which the condition is less severely toxic 
pain is an important symptom. The pain is of two kinds, spontaneous 
and provoked. Spontaneous pain varies in different cases. Pain pro- 
voked by pressure over the affected area has great diagnostic value 
and permits the location of the process to be determined at a relatively 
early stage of the disease. 

II. HEMATOGENOUS OSTEOMYELITIS OF THE SACRUM AND ILIUM 
SURROUNDING THE SACROILIAC JOINT 

Attention has recently been called to the form of hematogenous 
osteomyelitis which is found in the ilium and sacrum surrounding the 
sacroiliac joint. Kulowski’s ® report discussed an incidence of approxi- 
mately 30 cases in Steindler’s clinic in the State University of Iowa. 
The report is somewhat obscure, because it is difficult to distinguish 
from the descriptions given whether the process began in the joint, in 
the sacrum or in the ilium ; furthermore, Kulowski spoke of “osteomye- 
litis of the sacroiliac joint,” which is obviously a misnomer. 

The following are the pathogenic possibilities : 

A. The process may begin as an infection solely of the joint. It 
is a common experience to find clinical evidence of disease in the joint 
but roentgenographic evidence proving that there is no involvement of 
any part of the bone contiguous to the joint. In most lesions of this 
origin the bone remains uninvolved. 

B. The process may begin in the bone, either in the sacrum or in 
the ilium. Involvement of the joint occurs secondarily. Kulowski 
stated that once the joint is involved extension occurs rapidly and almost 
inevitably from one bone to the other, making the lesion a total one, 
and that this is the usual progression of the lesion. 

C. The vascular lesion may be such as to involve the joint and the 
bone simultaneously. 

By the time the lesion is definitely established and clinically recog- 
nized, both joint and bone are usually involved. Destruction of osseous 
tissue in the sacrum is much more serious, functionally, than is similar 
destruction in the ilium. From Kulowski’s report it appears that sclero- 
tization readily occurs in the thin plate of the iliac flare and limits to a 
certain extent the spread of the lesion in that direction. 


6. Kulowski, J. : Am. J. Surg. 23:305, 1934. 
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Syntf'fovis.—A c.iiTlul InVlnjv .'•lunild in>i fail lo rail atlriitidii lo 
llic liciicral Jcuicii <i! llic ^ar^oiliac joint. I Iir rapiflily of oiiM’l .'ind 
the develo]inirnt of the vtihjectivo and ohjerlive symptoms vary witli tlie 
individtial ]vuienl. Tain is always ]iirsrnt aiul is not nsitally relieved 
hy any change of postnre. 'I'hero may he radiation of the pain alonp 
the sciatic distrihniioij. and in stmie cases it is referred to the hip. .Spasm 
of the iliojisoas mnscle is jireseiit. i 'hjeclively the extent and principal 
location of the lesion are dilncnlt to <letcrmine. Mxcepl in the presence 
of an cxiertial aconnmlation «if pns. the extern.al ti'-snes merely show 



Fig. •?. — Osteomyelitis of tlie s.acroiliac region. Tliis is tlie c.xtcnsion form of 
osteomyelitis. (Supplied by Dr. Frank F. Mclcncy.) 

edematous induration. Tenderness over the joint and the adjacent 
parts is marked. 

Retroperitoneal irritation is frequently present. It shows itself by 
spasm of the iliopsoas muscle and by .symptoms referable to the bowel 
and to the lower segments of the genitourinar\’ tract. 

Roentgenographic study usually reveals no definitive data in the early 
stages of development of the lesion. Later there are abundant evidences 
of more or less destruction of osseous tissue and disorganization of the 
sacroiliac joint, and when the lesion is unilateral the differences are 
striking. 
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Formation of Abscesses in Sacral and Sacroiliac Osteomyelitis . — 
Abscesses and abscess extensions of the most bizarre type may develop, 
and these tend sometimes to mislead the physician as to the site of the 
original focus. According to the location of the lesion, abscesses may 
occur on the anterior or posterior aspect of the bone or, more rarely, 
on both, and sometimes suppuration occurs in the interior of the termi- 
nal part of the spinal canal. 

1. — Lesions Developing on the Posterior Aspect of the Sacrum . — 
Suppuration occurs in a line with one of the spinal gutters. The symp- 
toms are distinct and are those of an abscess in the tissues over the 
sacrum ; the diagnosis is not difficult, and associated processes do not 
appear. Liquefaction may not occur until a week or more has passed. 
When the abscess is opened denuded bone is usually detected at the 
bottom. 


2. — Lesions Developing in the Parts of the Sacrum Bordering the 
Terminal Part of the Spinal Canal. — These lesions are apt to cause 
exudates in the interior of the spinal canal, which vary from extradural 
solid exudates to extradural abscesses and occasionally to intradural 
infections, that is, to spinal forms of meningitis. With the former the 
local neurologic symptoms 'assume the characteristics of syndromes 
usually associated with pathologic conditions of the sacral and coccygeal 
nerves (that is, the cauda equina syndrome). In cases of meningitis 
the meningeal symptoms dominate the picture. 

3. — Lesions in the Sacrum Situated Anteriorly. — These lesions pro- 
duce subperiosteal abscesses on the anterior surface of the hollow of 
the sacrum. They spread laterally and downward toward the inferior 
aperture of the pelvic girdle and are more or less easily palpable by 
rectum. The folowing paths can be distinguished anatomically: 


(c) One form of lesion develops from the lower segment of the 
sacrum or from the coccyx. Suppuration from this source gathers m 
the interval between the coccyx and the anus and lies beneath the 
levator ani muscle and the anal fascia. Occasionally the pus spreads 
out of the pelvic cavity through the sacrosciatic notch and is discovered 
in the depths of the gluteal muscles; more commonly the pus courses 
downward and appears clinically as a para-anal or pararectal abscess. 


{b) Another type of lesion develops above the line of attachment 
of the levator ani muscle. In the larger number of such lesions a sub 
periosteal abscess develops on the inner aspect of the bone between the 
bone and the iliacus muscle and spreads upward to the crest of tie 
ilium, where it appears as an extraperitoneal abscess. In some cases 
the abscess points above Poupart’s ligament. In a lesser number o 
cases an abscess forms which spreads forward and downward m t 
hollow of the sacrum and between the bone and the obturator an rec 
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vcsicnl Invcr.v uf llu’ jH-lvii- KiM'ia. TIu! pus pallicrs in tlie isfliinit’Clal 
fossa am] apinars clinically a'^ a In'i^li iscliiorccial altsccss. In some 
eases an ahsccss sjneads upwanl, so thai il cannoi he ])al])ale(l from 
helow thron.ch ilic icclal and or the vaitinal canal or is palpable with 
preat difnenhy. This is the type <if ahscess which most frerinently 
ajipears clinically as an (discnre form of general infection (pyemia or 
sepsis). 

In all the pelvic varietie>- of ahscess the entire ahscess lies within 
the pelvis. It is of the utmost imjvtrtattce to reineinher that the ahscess 
is palpable by either n-ctal t>r vapinal examination or both. 'I'he ability 
to obtain the maximttm amonnt of information by pelvic examination 
must he developed in order to tre.at lesions of tliis type. 

I'or jinrposes of treatment the .abscesses can he grouped .as (<f) hii^h 
]>elvic abscesses, (7>) ischiorectal abscesses and (r) par.a-an:d .abscesses, 
'rile last mentioned are the simplest. Ischiorect.al .abscesses should he 
allowed to come <lown as f.ar as jaissihle ; their pro]>er incision is then 
much simplilied. lliith jtelvic .ahsia-sses are ilillicnlt to incise. In a 
certain number resection of the lan'cyx and possibly of the lowermost 
part of the sacrum is necessary in order to secure adeiiuate dr.aina;,'e. 
The jlifhcult ones are those which jmss out of the pelvic cavity and point 
in a superficial location, as do some «»f tlie uluteal .abscesses. 'I'he rule 
is to suspect an intrapelvic orii,’in for any plnteal abscess in which there 
is retention of pus aixl which shows any tendency to retarded hetdint;. 

III. osTKo.Mvn.iTis i.svoi.Yi.xr, Tin: ri..\iu; ok thk. ii.ui.m 

Osteomyelitis of the flare of the ilium may point externally, in which 
ca.«c the ])athoh>«ic condition is found principally in tlie tissues coverinj^ 
the external side of the hone. All the usual synijitoms, of pain, tender- 
ness and disability, are jiresent ; .swelliii}' is ])ro]iortion.ate to the extent 
of the jiroccss and to the size of the subperiosteal abscess which forms 
under cover of the fthueal muscles. When the process is demarcated 
toward the internal visceral asiiect of tlie hone the .symiitoms are referred 
to the loin, to the lower jiarl of the abdomen and to the pelvis. Suh- 
periostc.al .abscesses form under cover of the ili.acus muscle and the 
tendon of the psoas muscle. Progression of the abscess may he upward, 
in which case the ahscess points above the crest of the ilium or, in some 
cases, in a downward direction, toward the jiclvic cavity. In the latter 
event the abscess is much more difficult to feel by rectum than are 
similar abscesses derived from the anterior surface of the sacrum. 

A common complication and sequel is a perforation through the thin 
e.xpansion of the flare of tlie ilium. Frequently this forms an insur- 
mountable obstacle to the healing of the lesion until proper surgical 
measures are applied. 
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IV. OSTEOMYELITIS INVOLVING THE CENTRAL ACETABULAR REGION 
OF THE INNOMINATE BONE 

In some cases any one or all of the acetabular parts of the ilium, 
the pubis and the ischium are involved. The following varieties are 
observable clinically : 

A. In the first type the process in the bone is determined by the 
vascular distribution (see section on blood supply) of the lesion on its 
external aspect. Almost from the beginning the process is intracapsular, 
the joint is involved in the suppuration and the clinical picture is domi- 
nated completely by the symptoms of the joint involvement, even when 
additional pathologic conditions are plentifully present external to the 
joint capsule (for example, suppuration and sequestration in the extra- 
capsular portions of the bone close to the joint). 

The general symptoms are apt to be most prominent in cases in 
which the condition is of only ordinary severity, even when no over- 
powering general infection is present. The temperature is high, often 
reaching 105 or 106 F., and is apt to be sustained at those levels. 
Chills may occur. The blood cultures are usually positive during this 
stage. All of this is due to the retention of pus within the joint under 
increasing tension. Should the pus perforate the joint capsule and 
thread its way externally, the phenomenon of rupture is usually accom- 
panied by amelioration of the general symptoms. Thereafter the tem- 
perature is variable, ranging usually from 101 to 104 F. 

The local symptoms during the period of acuteness are pain, deform- 
ity, muscle spasm, diffuse swelling and tenderness in the general region 
of the hip. In some cases the pain is referred along the thigh to the 
knee. Movement is limited in all directions by muscle spasm, and pain 
is felt on any movement, especially when the leg is extended. 

In the absence of a distinct abscess swelling is usually a general 
tumescence of the tissues of the hip surrounding the joint. This may 
be very slight. When the swelling is visible externally, rupture of the 
capsule and a secondary external abscess should be suspected, and the 
condition should be located, when possible, with the aspirating needle. 

Local tenderness is almost always present anteriorly over the hip 
and posteriorly over the joint just behind the trochanter. Pelvic tender- 
ness over the pelvic aspect of the acetabulum is usually slight, and no 
deformity of the contour of the bone at this area is felt during the 
pelvic (rectal) examination unless the suppuration succeeds in per- 
forating the bottom of the acetabulum and spreading out beneath the 
pelvic periosteum and the pelvic fascia and between them and the bone. 
Such swellings are usually of moderate size because they drain into the 
joint and externally therefrom ; usually, because of this fact, the} nee 
no special intervention and are resolved without treatment. 
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When the condition is acute there is flexion deformitj- of the thigh 
to the extent of an angle of about 40 degrees. Extension of the thigh 
when the patient lies on his back is accompanied by a definite downward 
tilting of that side of the pelvis. In addition, the lower limb on the 
involved side is rotated outward, and the knee is slightly flexed, in order 
to give the greatest comfort b)' relaxing the tissue and ligaments about 
the hip joint. 

In this type of osteomyelitis it is usually impossible to tell from the 
general and local symptoms in which of the three segments of the central 
acetabular region the greater part of the osteomyelitic focus lies. Roent- 
genologic evidence is necessary to make the localization accurate. 

The chief difficulty in diflerential diagnosis lies in the practical 
impossibility of distinguishing whether the lesion present lies in some 
part of the innominate bone or in the head or neck of the femur, whether 
the lesion is extracapsular or intracapsular or whether it is entirely a 
lesion of the joint. In the early stages this differentiation is impossible 
for lack of roentgenologic evidence ; as soon, however, as .roentgen aid 
is available this difficulty disappears. 

Acute inflammatory rheumatism in the hip joint has many clinical 
resemblances to osteomyelitis. However, it is apt to be a polyarticular 
condition. .The detection of a valvular or pericardial complication, so 
commonly found with acute articular rheumatism as to make its pres- 
ence of diagnostic value, is of no clinical help in this differentiation, 
since similar lesions occur as a consequence of the general infection 
which precedes and accompanies acute osteomyelitis. 

B. In the second type of osteomyelitis of this region the entire 
process remains extracapsular and never involves the joint. The gen- 
eral symptoms are approximately the same; the local symptoms show 
resemblance to those of foci of- the type previously described, but they 
are ameliorated sooner, after which one can detect that the motions of 
the hip are relatively free. External abscesses appear, according to the 
location of the osteomyelitic focus, in each of the segments bordering 
the acetabular area. 

C. Acetabular osteomyelitis of the third type is due to the situation 
of the lesion in the vascular channels supplying the visceral pelvic aspect 
of the acetabular region. The general symptoms are usually not as 
marked and are relatively benign ; external swelling is nonexistent ; and 
the characteristic local finding is a swelling on the pelvic side of the 
bone easily palpable by rectum and/or by vagina and situated opposite 
the joint. The swelling is a subperiosteal exudate or abscess. It is 
ordinarily of moderate size; and it rarely, if ever, perforates the joint 
across the thickness of the bone into the interior of the acetabulum. 
The “exudate” t 3 'pe of lesion is usually resolved spontaneously. The 
suppurative type does one of two things : It spreads upward and appears 
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above Poupart’s ligament, or it spreads downward and, if large enough, 
assumes the characteristics of an ischiorectal abscess. 

The lesion is usually easily demonstrable roentgenologically as a 
swelling corresponding to the palpatory findings on the inner aspect of 
the bone opposite the acetabulum. 


V. OSTEOMYELITIS OF THE PUBIS 


Chronic osteomyelitis of the pubis is found more commonly than the 
acute form, the reason for failure to recognize the process in its acute 
stage being that most pubic osteomyelitis is of the extension type in 
which the symptoms of the acute stage are lost in the manifestations of 
the original lesion to which the pubic osteomyelitis is secondary. In a 
review of the literature up to 1934 Jentzer was able to find a total of 
16 cases of chronic hematogenous osteomyelitis of the pubis, in only 1 
of which the condition was primary. 

The reports of Jentzer ^ and of Iseu ' are the best available ones 
regarding osteomyelitis of the pubis. Other reports of lesser value are 
those of Painter,® Chauvin,® McWhorter,^® Klemm and Gayet.“ 

Jentzer was able to gather reports of 16 cases of chronic osteomye- 
litis in the literature up to 1934 (Andre, 2 cases ; Painter, 3 ; Chauvin, 1 ; 
Marion, 1 ; Legueu, 2 ; Maisonnet, 2 ; McWhorter, 1 ; Soderlund, 1 ; 
Gayet, 2; Klemm, 1). His report discussed principally the vesical com- 
plications. He mentioned reports of cases of acute osteomyelitis reported 
by Levi, Painter, Lagos Cjarcia and Armando, Ingelrans, Zaffagnini, 
and Cajaccini. 

Iseu was able to find 25 cases of acute osteomyelitis, presumably of 
the hematogenous variety, also up to 1934. Undoubtedly these two 
series overlap. Iseu discussed all phases of the subject. 

Painter reported 3 cases, in 1 of which the condition was due to the 
staphylococcus, and in 2 of which it was due to the streptococcus. 

In McWhorter’s case the pathologic condition began as pharyngitis 
and acute otitis and was followed by acute osteomyelitis of the clavicle, 


the tibia and the pubis. 

Sdderlund’s report included 3 cases of hematogenous and 1 case of 
extensional osteomyelitis. He made the statement that the hematogenous 
condition is never associated with sinuses which communicate with the 
vaginal tract. The presence of the latter, in Soderlund’s opinion, indi- 


7. Iseu, G. : Chir. d. org. di movimento 19:1, 1934. 

8. Painter, C. F. : Osteomyelitis of the Innominate Bone : Reasons for an } 
of Location; Methods of Repair, Operative and Otherwise, J. A. M. 

341 (Jan. 30) 1926. 

9. Chauvin: J. d’urol. 26:548, 1928. 

10. McWhorter, G. L. : Surg., Gynec. & Obst. 49:205, 1929. 

11. Gayet, in discussion on Chauvin.® 
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cates the history of a difikult labor, a tear in the vaginal mucosa and 
an extension of infection from the vaginal mucosa to the bone. 

Osteomyelitis of the pubis is likely to be one of several lesions in 
the same person. In most cases the course is subacute, and in many 
cases a latent infection is present which comes to light only because of 
the occurrence of some complicating factor {see section on vesical com- 
plications). There are repeated exacerbations of pain and disability, 
with swelling anteriorly over the body of the pubis, along the superior 
ramus or on the fold of the perineum, where it passes into the inner 
side of the thigh corresponding to the descending ramus of the pubis. 

During any period of acute exacerbation the pain, disability and 
swelling become more prominent. Disabilit}’ is due principally to muscle 
spasm. External tenderness is present over the involved part of the 
bone. Rectal examination and, in women, vaginal examination yield 
information concerning any manifestations which point toward the pelvic 
cavity. 

Marked swelling is always due to an abscess. The swelling may 
be located externally or may be situated internally in the pelvic cavity, 
where it may be discovered only on rectal or vaginal examination. The 
swelling and induration of the tissues may be located anteriorly around 
the neck and anterior surface of the bladder between the latter and the 
posterior surface of the pubis and are felt above the pubis by pelvic 
examination. 

In many cases the entire clinical picture, the manifestations of the 
illness and the end result, is directly produced by the local complications 
of the osteomyelitis. 

A. Abscess Fonnatioiis . — Abscess formations occur almost invari- 
ably. According to the situation of the osteolytic focus, the abscess may 
be situated in either sex; (a) between the bladder and the posterior 
surface of the body of the pubis and the ascending ramus, that is, in 
the space of Retzius; (b) externally over the anterior surface of the 
body and ascending ramus of the pubis, spreading under the skin of the 
lower part of the abdomen and of the anterior surface of the hip and 
thigh; (c) externally over the external surface of the descending ramus 
of the pubis, spreading down in the fold of the perineum and down along 
the inner side of the thigh. In addition, in the male patient an abscess 
originating from a focus on the posterior aspect of the descending 
ramus of the pubis may take the anatomic position of an ischiorectal 
abscess. An extension from an abscess in some neighboring situation 
may also appear in the ischiorectal fossa. In women, an abscess may 
form (a) from the iimer margin of the descending ramus, spreading 
along the lateral wall of the vagina or (b) from the posterior aspect 
of the pubis and its descending ramus, spreading along the lateral wall 
of the vagina and extending up toward and into the rectovaginal septum 
and the ischiorectal fossas. 
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B. Vesical Complications }- — In many cases of osteomyelitis of the 
pubis, even in those without original or associated trauma, vesical symp- 
toms and complications occur. The biologic development of the vesical 
complications is as follows : 

(o) Pyuria: Pyuria occurs as a single objective symptom, and when 
persistent it should call attention to the possible development of the 
following clinical progression. 

{h) Perforation of the Bladder: Reports in the literature of per- 
foration of the bladder from abscesses associated with osteomyelitis of 
the pehds are not common. De la Pena in 1931 was able to find only 
5 cases and added 1 of his own. In a discussion of Chauvin’s ® paper 
before the French Society of Urology in November 1928 Maisonnet 
mentioned 2 cases, Marion 1 and Andre 1 (referred to previously). 
All the cases except Andre’s were observed during the World War and 
were associated with injury to the pubic bone. This brings the total 
up to 10 cases, according to Hepler and Eikenbary.^^ 

From their observation of 4 cases of severe chronic osteomyelitis of 
the pelvis in children Hepler and Eikenbary stated the opinion that this 
complication is often imminent in cases of suppurative lesions of the 
pelvic bones. This statement is based on the finding in all 4 of -their 
cases of a definite displacement of the bladder and in 2 of the cases of 
perforation of the bladder by sequestrums with the formation of osteo- 
vesical fistulas. They assumed that perforation was impending in the 
other 2 cases because of the existence of the same engendering factors 
present in the 2 with perforation. 

In the cases of Hepler and Eikenbary the displacement of the bladder 
was caused by a massive involucrum and not by a pelvic abscess. In 
each of the 2 cases with perforation the sequestrum plugged the opening 
of the osteovesical fistula. In 1 the opening was in the lateral aspect 
of the basal zone, and in the other it was in the fundal zone. In both 
the side of the bladder involved was firmly adherent to the involucrum, 
with a large amount of fungoid or granulomatous tissue between the 
bones and the bladder. The bladder wall at the point of perforation 
was so firmly adherent to the involucrum that there was no extravasa- 
tion or urinary leakage. Nor was there any evidence of the previous 
existence of the conditions. 

(c) Vesical Fistula: Under such conditions the further develop- 
ment of the complication leads to the formation of the osteovesical 

12. It is most convenient to discuss the subject of vesical complications of 
osteom 3 'elitis of the pubis here without regard to the type or character o tie 
osteomyelitis or its originating or associated causative factors. 

13. de la Pena, A.: J. Urol. 26:473, 1931. 

14. Hepler, A. B., and Eikenbarj', C. F.; Am. J. Surg. 22:113, 1933. 
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fistula. A fistula commonly extends from the bladder to the focal area 
in the bone or to the skin or communicates with the vagina or the rectum. 

{d) Vesical Calculi: The next step is usually the formation of 
calculi, and, as in some of the reported cases, sequestrums are found to 
form the nuclei of the bladder stones. The calculi are apt to reform 
continuously until the vesical fistulas are closed and the osseous lesion 
is in a healing stage or is solidlj^ healed. 

In Marion’s case the condition followed a bullet wound in the pubic region. 
There were no sj'niptoms for two years ; then there were marked vesical symptoms. 
Cystotomy was done, and a calculus was found. In the middle of the calculus a 
sequestrum was discovered. There was a recurrence of symptoms ten months 
later, when osteomyelitis of the pubis was demonstrated roentgenologically. A 
second calculus was found in the bladder and was removed. Permanent healing 
occurred thereafter. 

Legueu i"’ observed 2 cases of war wounds with vesical symptoms and vesical 
fistulas. There was recurrent calculus formation. Healing of the fistulas took 
place after curettage of the sinuses and the bone. Nevertheless, there were many 
subsequent recurrences of tlje bladder stones. 

Clinical Progression . — In some of the reported cases (Hepler and 
Eikenbary ) there were no subjective signs of vesical complication. 
This accounts for the failure to consider the possibility of this compli- 
cation. Even in cases in which perforation is present, there may be no 
subjective symptoms. In a good many cases persistent pyuria was the 
first indication of the vesical complication. 

In the others, the symptoms in the beginning are those of irritation 
of the bladder: frequent urination, pain, hematuria and pyuria. The 
vesical symptoms are commonly so prominent as to dominate the clinical 
picture and cause most of the symptoms. Under comparable conditions 
one should always think of the possibility of osteom3'elitis of the pelvis 
(pubis), and one should not be misled b}'^ the apparent dominance of 
the urologic symptoms. 

The presence of an apparently persistent fistula in the general neigh- 
borhood of the bladder should awaken similar suspicions and lead to 
similar investigations to prove or disprove the presence of osteomyelitis 
in the adjacent bone. 

The same is true of the demonstration of vesical calculi. The 
repeated formation of stones should also point to the possibility of the 
presence of osteomyelitis, 

Cystoscopic and roentgenologic examjnation should be employed as 
a routine in all these contingencies. When adequate information of this 
kind is available the diagnosis should not be difficult. 

The operation for the cure of an osteovesical fistula is sometimes 
difficult because of the firm adhesions of the contiguous portion of the 
bladder to the involucrum and because of the infiltration about the 


15. Legueu, F., in discussion on Qiauvin.® 
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fistula; a frequent complication is more or less extensive laceration of 
the bladder. Healing is rapid, and the operative results are good. Once 
corrected, the condition does not tend to recur provided the osteomyelitis 
is adequately controlled. 


VI. OSTEOMYELITIS OF THE ISCHIUM 


Cases of osteomyelitis of the ischium fall into three groups : 

1. Cases, in which the condition is limited to the acetabular portion 
(body) of the ischium. These have already been described (see section 
on osteomyelitis of the acetabular portion of the innominate bone). 

2. Cases in which osteomyelitis appears in the ascending ramus of 
the ischium. These are similar in all particulars to cases of osteom 3 ^e- 
litis in the descending ramus of the pubis, and the differentiation can 
be made only roentgenologicall)'. In some cases both the ischium and 
the pubis are involved, either simultaneously or consecutively by exten- 
sion of the process. When the process is limited to the ischium, vesical 
complications are not likel}'^ to occur. 


3. Cases in which there is osteomyelitis of the descending ramus 
and tuberosity of the ischium. It is almost impossible to differentiate 
clinically between these various areas except by roentgenologic means 
and by the facility with which foci in the descending rami spread into 
the body and then into the hip joint. According to McWhorter, the 
clinical picture and the roentgenologic evidences of this extension of the 
disease to the hip resemble vei’y closely the picture of the type of acute 
nonsuppurative ankylosing arthritis described by Stern. 

The general symptoms are similar to those in the cases in the other 


anatomically distinguished groups. The local symptoms are more or 
less similar also : pain, deformity, muscle spasm, swelling, limitation of 
motion and postural deformity. Tenderness is present over the involved 
part of the bone and is apt to be located medially and toward the 
posterior aspect. The physician has only the points of tenderness, the 
roentgenologic findings and the characteristic distribution of abscesses 
to enable him to attempt to make anatomic differentiations. As the 
ischium is situated mediall}^ and posteriorly to the hip and thigh. 


abscesses originating from the external, extrapelvic aspects of the bone 
are apt to be present on the posterior medial aspect of the thigh, begin- 
ning as collections of pus in the lowermost depths of the buttock and 
then spreading in a downward direction. Those which originate on the 
pelvic aspects of the ischium and point inward form the majorit} of 
the pelvic and ischiorectal abscesses which appear in association with 
osteomyelitis of the pelvic bones. For this reason rectal and vagina 


examinations are important. 
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ROENTGENOLOGIC ASPECTS 01' OSTEOMYELITIS OF THE PELVIC GIRDLE 

In discussing the various phases of this subject many roentgenologic 
facts have been alluded to and described. These it is not necessary to 
repeat. 

In the general consideration of roentgenologic facts relating to 
osseous tissue it must he remembered that lesions of the bone take a 
long time to develop sufficient!)’ to produce differentiating shadows on 
the roentgenogram. When the periosteal layers are fully developed and 
can be clearly visualized in the pictures, the first signs of change are 
linear differentiations of the periosteum, which grow thicker as involu- 
crum is deposited. As a general rule it takes from eight to ten days 
for these changes to become perceptible. The next changes occur in 
the osseous tissue and vary, in accordance with the length of time inter- 
posed from the beginning of the pathologic process, from smaller and 
larger areas of rarefaction to areas of necrosis and to completely dif- 
ferentiated and separated sequestrums of various sizes and shapes. In 
the thin plates of the iliums perforations are common. In the late stages 
the' effects of destruction of osseous tissue are easily visible both in the 
amount of tissue destroyed and in the compensating morphologic changes 
of the remaining segments, as well as in the amount of involucrum which 
is formed. Comparison of the two sides of the pelvic girdle commonly 
give striking effects. 

Tilting of the pelvis is evident in the roentgenograms. The shad- 
ows of the rami of the pubis and ischium overlap on the affected side, 
so that it is often necessary to retake the picture with the x-ray tube 
farther down in order to show the obturator foramen and the rami. 

With proper technic in tilting the pelvis abscesses in the pelvic cavity 
can frequently be visualized in the films ; and when the abscesses are 
beyond the reach of the finger the x-ray apparatus is an invaluable aid 
in demonstrating them. 

In cases in which fistulas are present a roentgenogram taken after 
injection of the sinuses with a radiopaque solution will commonly indi- 
cate the origin of the suppuration. 

The differential roentgenologic diagnosis is usually not difficult. 
Occasionally when the condition complicates a malignant lesion (see 
section on osteomyelitis following suprapubic cystotomy) care is neces- 
sary in distinguishing between the neoplastic and the inflammatory 
changes. The experienced roentgenologist should, however, have no 
difficulty in making the differentiation both under ordinary and under 
extraordinary conditions. 

In all cases of suppurative lesions about the pelvis, of recurring 
lesions of this type about the pelvis or of similar lesions which do not 
heal after drainage, a causative focus in the bones of the pelvic girdle 
should be sought roentgenologically. 
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For emphasis, attention is again called to the relation of vesical 
calculi to sequestrums and inflammatory lesions about the bladder and 
the pubis, and to the importance of roentgenologic study as a means of 
ordinary and differential diagnosis (see section on vesical complications 
of osteomyelitis of the pubis). 


TEEATMENT OF OSTEOMYELITIS OF THE BONES OF THE PELVIC 

GIRDLE 


Throughout this communication the general principles governing the 
treatment of the lesions have been indicated. It will be readily seen 
and appreciated that the treatment of osteomyelitis falls into two cate- 
gories : 

1. In treating osteomyelitis of the first type the physician is com- 
pelled by the anatomic situation of the lesion, by difficulties in diagnosis 
or by other equally important factors to assume a conservative attitude, 
and operation, even the simple incision of a frank abscess, must neces- 
sarily be done at an advanced stage of development of the lesion. Curi- 
ously, clinically it is found that the mortality either is not materially 
different or is less than when the condition is treated surgically. 

2. For osteomyelitis of the second type surgical treatment of some 
kind is given. An analysis of these forms of treatment follows: 

(o) Simple incision and drainage of abscesses are done. 

(&) Unaided casting off of sequestrums is observed during the 
course of healing of the resulting sinuses; or occasionally this is aided 
by operative means. 

(c) In certain situations and under exceptionally favorable condi- 
tions osteotomies of various kinds are done. In the ilium these are 
usually more successful than in other locations, because the anatomic 
conditions are favorable. 


(d) Complications arise, such as vesical complications or occa- 
sionally spinal complications, which necessitate surgical treatment because 
of themselves rather than because of the osseous infection. Final suc- 
cess is always directly proportionate to the extent to which the bone 
lesion is susceptible to proper eradication and drainage. 

(e) Because of any or all of these reasons, sinuses and fistulas 
constantly develop, persist and show little evidence of permanent closure, 
and “revisions” of the apparent condition are constantly repeated. For 
this reason a belief in the hopelessness of any surgical intervention for 
these seemingly intractable lesions has become rooted among physicians. 

It becomes apparent that except when complications (such as bladder 
complications) compel surgical therapy, the entire field of endeavor has 
consisted and still consists in incision and drainage of abscesses an 
repeated revisions of the resulting sinuses. 
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Abscesses superficial to the pelvic bones are usually under observa- 
tion as they develop. Abscesses representing exceptions to this rule 
exist in association with the ischium, which is buried in the depths of 
the musculature. All other abscesses fail to come under observation 
until they are relatively old. The surgical approach to the latter 
abscesses is usually difficult or dangerous or both, and for this reason 
drainage is usually accomplished where’ the abscess finds its way to the 
skin and points. A persistent sinus usually follows. In the treatment 
of an abscess of the pubis and the ischium an approach through the 
medial side of the thigh is recommended by McWhorter : The adductor 
muscles are split, and a large area is opened, which permits drainage 
of practically all parts of the pubis and the ischium. 

Sufficient!}^ radical surgical treatment is possible only in the flare 
of the ilium. The technical procedure is simple. The bone is exposed 
and bared on each side at the site of the lesion by and through an appro- 
priately placed incision. It is possible to resect the entire area of the 
lesion. Adequate drainage of any subperiosteal abscess should be pro- 
vided. Frequently it is possible to do a secondary suture of the wound 
with a consequent material shortening of the period of invalidism. 

In all other parts of the pelvic girdle radical operation has been con- 
sidered difficult, not wise because of anatomic and physiologic difficulties 
or too dangerous to life ; and not many surgeons have been sufficiently 
courageous to overcome these obstacles repeatedly. It must be confessed 
that this attitude is a wholesome one and is to be encouraged, 
as the practical aspects of the problem fit in with the best theoretic con- 
siderations regarding the correct and most advantageous method of 
treatment for osteomyelitis and refraining from intervention is the best 
that one can do at the present time in most of the cases. 

The situation as regards therapy is best illustrated by the possibilities 
present in the treatment of lesions about the sacroiliac region. 

Up to the time of Kulowski's report the treatment of osteomyelitis 
of the sacroiliac region was insufficient and unsuccessful. Surgeons 
have always considered suppurative lesions of this type originating in 
this region to be chronic conditions which are difficult and frequently 
impossible to heal. As a rule, drainage of the complicating intrapelvic 
or extrapelvic abscesses which usually occur has been the only treat- 
ment; and this treatment was recognized as being purely palliative. In 
hospital practice it was (and still is) not uncommon to have patients 
admitted for the incision and drainage of abscesses in the general sacro- 
iliac region and then to have them readmitted periodically for revisions 
of the sinuses or for the incision and drainage of recurrent abscesses. 
No actual cure was ever obtained, and after a while such lesions were 
frequently thought to be extraordinary infections even when tubercle 
bacilli could not be found and other evidences of infection by specific 
organisms could not be proved. 
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It seems strange that surgeons did not attribute their uniform failure 
in the treatment of such a lesion to erroneous conceptions of the essen- 
tial character of the process and to the insufficiency of their operations, 
although radical resection for tuberculosis was adequately described 
more than thirty years ago. The apparent neglect of similar treatment 
for the ordinary forms of osteomyelitis is understandable only because 
of the peculiar deep location of the lesions and the anatomic relations 
of the parts and because of the timidity of the surgeon toward operative 
attack in this region. 

Bardenheuer in 1899 was the first to urge radical resection of the 
sacroiliac joint for tuberculous involvement. The approach is made 
posteriorly through a modified Sprengle type of incision. The posterior 
half of the ilium is stripped subperiosteal ly on both the intrapelvic and 
the extrapelvic aspect, the sciatic notch being exposed. The ilium is 
sectioned vertically with a Gigli saw, which is passed through the lateral 
border of the greater sciatic notch. The mortality reported by Barden- 
heuer in 20 cases was 30 per cent. Schede since 1875 had done 26 such 
resections, with a mortality of 40 per cent and with 10 cures. 

Painter ® in 1908 reported 1 case in which the result of resection 
was fatal. The patient was in a desperate condition owing to tubercu- 
lous involvement of the entire region, and the operation was attempted 
as a last resort. Nevertheless, this apparently discouraged the further 
development of the procedure in this country. 

Picque in 1909 discussed total and partial sacroiliac resection for 
tuberculous osteomyelitis of the sacroiliac joint. His technic is a modi- 
fication of that of Bardenheuer. 

Kulowski’s paper seems to be the first report of cases in which 
radical operations of this type have been deliberately undertaken for 
the cure of this form of chronic osteomyelitis. It goes without saying 
that the patient must be able to withstand a surgical operation. Pre- 
operative general hygiene, blood transfusions and even preliminary 
drainage of the soft tissue are indicated when the patient is considered 
unfit to be operated on. Fluids containing dextrose and salt may be 
given subcutaneously with advantage preceding, during and after the 
operation. The general clinical situation, and not roentgenograms alone, 
should determine the immediate indication. Operations of this radical 
nature should not be done in the acute stage of the disease, and the 
management of the condition should be left as much as possible to 
nature, surgical intervention being the last resort. 

Briefly, the technic of the operation of Bardenheuer as modified b) 
Picque is as follows : The incision follows the line of origin of t e 

16. Bardenheuer, S., cited by Krecke: Centralbl. f. Chir. 26:1329, 1899. 

17. Picque: Bull, et mem. Soc. de chir. de Paris 35:1107, 1909. 
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gluteus maximus muscle and is sufficiently large to give plenty of room 
for the manipulations. The ilium is bared, and the bone is stripped of 
its periosteum on both sides as far as the great sacrosciatic notch and 
as far as the superior and inferior posterior spines. The line of section 
of the iliac flare is determined by the extent of the disease, and the 
section is best made with a power saw or with a Gigli saw. In the 
radical operation the margin of the sciatic notch is removed. The flap 
of ilium so defined is levered out, and the sacrum is exposed. Removal 
of the diseased parts in the sacrum is done carefully with chisel, mallet 
and curet. When the debridement is complete the resultant wound is 
packed wide open, a generous dressing is provided and the entire pelvis 
is adequately immobilized in plaster. Healing occurs by granulation and 
is tedious. In suitable cases, however, an attempt may be made to 
hasten the cicatrization by secondary suture. When this is not possible, 
I agree with Kulowski that the wound is ideal for the Orr method of 
treatment. As a matter of fact, because of the situation and nature of 
the wound one is compelled to adopt this method. 

During the course of the operation both external and pelvic abscesses 
will probably be encountered. Every pocket must be thoroughly and 
widely opened, and sufficient bone must be removed to make the final 
cavity regular in shape and mechanically healable. The danger of injur- 
ing the rectosigmoid is remote, and injury to the pelvic portion of the 
ureter is perhaps more likely ; both of these possibilities should be kept 
in mind. If the sacral canal is opened or if the debridement encroaches 
on the sacral foramens the danger of destruction of the sacral nerves is 
imminent. Fortunately, loss of function of any of these nerves is not 
nearly as serious as is destruction of the spinal nerves higher up. 

The danger of uncontrollable hemorrhage is constantly present. 
Care must be taken at the sciatic notch to avoid injury to the superior 
gluteal artery and vein ; several fatalities have been reported from this 
cause. Bleeding from the bone and from numerous small vessels in the 
soft parts is frequently troublesome. Shock is also a factor to be reck- 
oned with because of the extent of the operation and is usually present 
in proportion to the amount of blood lost. Intravenous infusions of 
dextrose solution and transfusions of blood are frequently needed to 
combat the loss of blood and the resultant shock and collapse. 

The chief feature of the procedure is to adapt the amount of resec- 
tion to the extent of destruction present. The operation is entirely 
clinical, and one works carefully from the surface to the depths until 
a healthy firm bed of bone remains. This is the ideal attainment even 
though the sacral canal is opened. Except when the operation is in 
experienced hands this will probably not be attained, principally because 
of the timidity of the operator. This defect, however, ought readily to 
be remediable. 
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The only contraindications to the total operation are present in young 
women who might bear children, in the very young and in general in 
patients whose physical condition is unfit to withstand any surgical 
treatment. 

In addition, Smith-Petersen in 1917 stated that this resection was 
too radical in any case except one in which the condition is extensive. 
He described his own ingenious lateral approach to the sacroiliac joint, 
in which a window is chiseled into the joint through the ilium. How- 
ever, the primary surgical objective of the removal of diseased tissue, 
adequate drainage and subsequent immobilization, is not as thoroughly 
attained in the Smith-Petersen operation as in the operation of Barden- 
heuer and Picque. 

Kulowski ® recognized the validity of some of these criticisms and 
for this reason has modified his procedure in cases presenting these 
difficulties, performing an incomplete operation the essential feature of 
which is incomplete removal of the iliac flare. Essentially this means 
retention of the margin of the sdatic notch and a much less radical 
operation. In suitable cases one might do a partial primary operation 
and complete the procedure secondarily when the general condition of 
the patient and all other factors warrant it. 

Visual and static deformity need not necessarily result from the com- 
plete operation. In Picque’s 7 cases the ilium finally fused with the 
sacrum, as it did in 1 of the cases reported by Kulowski. The dense 
mass of soft tissue and the scar usually prevent any herniation. 

In all cases immobilization of the pelvis is an important item in the 
treatment. In many cases the essential principles of the Orr method 
of treatment are followed to great advantage. This is true especially 
with lesions involving the sacroiliac region. The immobilization should 
always be adequate. For lesions surrounding the hip joint and in those 
involving the hip joint proper the treatment should include immobiliza- 
tion of the thigh either by plaster of paris or by weight extension and . 
suspension. Care is to be taken that the final position of the limb is 
not disadvantageous. 

MORTALITY 

In the series reported by McWhorter, Raeschke, Doran and Brown 
and Lloyd there were 10 cases of osteomyelitis of the pelvic girdle, with 
1 death — a mortality of 10 per cent. In the Mount Sinai series of 1 
cases there were 2 fatalities — a mortality of approximately 16 per cent. 
The private patient to whom I referred also recovered. This indicates 
a general mortality of 12 per cent for all forms of osteomyelitis o 
the various bones of the skeleton. 

18. Smith-Petersen, M. N.: Am. J. Orthop. Surg. 15:593, 1917. 
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When Pierson, cited by Robertson and his associates,^ said some 
years ago that perhaps the greatest good that had come out of the search 
for adequate tests of hepatic function was the awakening of interest 
in the state of the liver, he probably did not himself realize how 
important his statement was, even though he went on to say that in 
this regard most ph3fsicians “have been asleep in Zion and are in need 
of a great revival.” On all sides toda}^ are signs, though in some quarters 
they are faint indeed, of the beginning of that revival. Just as the 
patient with deficiencies of the cardiac, renal and respiratory apparatus 
has long been considered a poor operative risk, so is the patient with 
hepatic deficiency or insufficiency coming to be considered an equally 
poor, if not a poorer, risk. 

Our own interest in the problem was first aroused by our study of 
the “liver death” or “liver-kidney syndrome” occurring in operations on 
the biliary tract, to which for the last several years we have devoted 
considerable time and attention. In our search for some method of 
determining "the type of case in which this catastrophe is likely to 
occur we came to realize two important things about the liver: that its 
surgical role is by no means confined to disease of the biliary tract and 
that at least part of the problem would be solved if some adequate test of 
its function could be discovered. 

From the Department of Surgery of the School of Medicine, Louisiana State 
University, and the Charity Hospital of Louisiana. 

The studies reported in the three papers in this series have been made under 
the direction of Dr. Urban Maes, Director of the Department of Surgery in the 
School of Medicine of Louisiana State University. The technical studies have 
been made by Ruth Mayne, B.S. in Med. Tech., R.T. Members of the staff of 
Louisiana State University in Charity Hospital cooperated with us, as well as 
members of the staffs of the Tulane University and Independent Units, who fur- 
nished us with many cases. 

1. Robertson, W. E. ; Swalm, W. A., and Konzelmann, F. W. : Functional 
Capacity of the Liver: Comparative Merits of Five Most Popular Tests, J. A. 
M. A. 99:2071 (Dec. 17) 1932. 
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FUNCTIONS OF THE LIVER 

Much of the present knowledge concerning the liver is due to the 
extensive clinical and experimental studies of Mann and his co-workers 
at the Mayo Clinic. This organ, as Mann pointed out, is the servant of 
the body, as opposed to the pituitary gland, which is its master. P'rom 
fetal life until life ends, the liver is a “physiological drudge,” which 
constantly responds, often at the expense of its own cellular constituents, 
to the demands and needs of the rest of the organism. It has the ability 
to carry on many functions greatly in excess of normal needs, and it 
maintains those functions with extreme stubbornness, even when there 
is left only a small amount of normal functioning tissue with which 
to carry on. Indeed, Mann added, perhaps one of the reasons why the 
liver is so generally ignored is because of the efficiency with which it 
does its work under such adverse conditions. 

The exact functions of the liver are still a matter of debate, and 
there is a rather general tendency to attribute to it any metabolic process 
which cannot be proved to take place elsewhere in the body. Disregard- 
ing that tendency, however, we are able to list certain of its functions 
w^ich are fairly well established, even if they are not fully understood. 
These include; 

1. The metabolism of carbohydrates. This function is possessed to 
some degree by all muscular structures, but the liver is the great store- 
house of glycogen. 

2. The metabolism of proteins. This function is not shared to an 
appreciable degree by any other structure, and the conversion to urea 
of the amino acids formed from proteins in the process of digestion 
seems to take place almost entirely in the liver. 

3. The metabolism of bile. The bone marrow and the spleen share 
this function, but again the liver is the important organ. In it the bile 
acids, chiefly glycocholic and taurocholic acids, wdiich are essential in the 
digestion of fats, are secreted in the form of salts. 

4. The coagulation of the blood. The knowledge of the exact mech- 
anism of this process is still confused, but the modern tendency, as the 
important studies of Quick, Stanley-Brown and others ^ have shown, is 
to attribute a large part of the task to the liver. At least indirect 
evidence of this function is furnished in cases of hepatic injury, in which 
the prothrombin in the blood plasma is diminished. 

2. Mann, F. C. : Hepatic Physiology and Pathology from the ^rgical 
Viewpoint, Minnesota Med. 19:695, 1936; Hepatic Function in Relation to epa i 
Pathology: Experimental Observations, Ann. Int. Med. 8:432, 1934. 

3. Quick, A. J. ; Stanlej'-Brown, M., and Bancroft, F. W. : 

Coagulation Defect in Hemophilia and in Jaundice, Am. J. M. Sc. 190:5 , 
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5. The detoxification of poisons, bacteria and other harmful sub- 
stances. This special function, again, is apparently shared with no 
other structure to any similar degree. 

6. The thermogenic function. Crile,-' who is chiefly responsible for 
the emphasis now placed on this function, has shown that the liver pro- 
duces approximately a third of the heat of the entire organism and 
that the introduction of heat within the abdomen causes a synchronous 
rise in the temperature of the liver and the brain. 

The power of regeneration, which is sometimes described as one of 
the functions of the liver, must be constantly Ijorne in mind, for it 
explains much that on the surface is confusing and contradictory. The 
i\Iayo Clinic studies have demonstrated that even when as much as 80 
per cent of the liver substance is removed complete regeneration of the 
excised area occurs in six to eight months. They have also demon- 
strated that a relatively small amount of normal tissue is necessary for 
normal function. This explains why tests of hepatic function may give 
negative results even in the presence of such conditions as hepatic malig- 
nant tumor and hepatic cirrhosis as long as they remain localized, or, 
more exactly, as long as they do not involve the entire hepatic structure. 
It also explains why the mere existence of jaundice or the mere enlarge- 
ment of the liver noted in various pathologic states does not necessarily 
bring about the condition loosely termed “liver insufficiency.” ° 

The concomitance of pathologic changes in the liver and disease of 
the biliary tract was first noted by Reimann ® in 1917 and by Graham,’' 
who adduced both clinical and experimental proof, in 1918. Their 
work has been repeatedly corroborated, Flint’s ® studies being especially 
important. He was able to show two things : that even macroscopically 
normal livers frequentlj' reveal microscopic damage under such circum- 
stances, and also (a fact of which we shall make considerable use in a 
later paper) that hepatitis is a rather frequent finding in nonbiliary 
disease even though no hepatic damage has been suspected. 

4. Crile, G. W. ; Function of the Liver in Relation to Operation on Gall- 
bladder and Ducts, J. A. M. A. 87:309 (July 31) 1926. 

5. HeKvig, F., and Schutz, C. B.: A Liver Kidney Syndrome, Surg., Gynec. 
& Obst. 55:570, 1932. Boyce, F. F., and McFetridge, E. M. : So-Called ‘‘Liver 
Death”: A Clinical and Experimental Study, Arch, Surg. 31:105 (July) 1935; 
“Liver Deaths” in Surgery: An Analysis of Thirty-Four Cases, New Orleans 
M. & S. J. 88:563, 1936; The So-Called “Liver Death”: An Experimental Study 
of Changes in the Biliary Ducts Following Decompression of the Obstructed 
Biliary Tree, Arch. Surg. 32:1080 (June) 1936. 
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in Human Subjects, Brit. M. J. 1:1041, 1930. 



404 


ARCHIVES OF SURGERY 


Judd ” has suggested that the hepatitis which is often found at 
operation and which has given rise to no clinical manifestations may 
furnish, per se, actual evidence of the detoxifying activity of the liver. 
Bacteria, he noted, are only rarely demonstrated in such livers, hut the 
gross findings are characteristic. The liver is enlarged; the tissue is 
firmer than normal ; and the surface reveals many whitish lines. The 
edge of the liver may terminate sharply in such a whitish line or may be 
rounded and edematous. Heyd^® joined Judd in stressing the impor- 
tance of routine inspection or palpation of the liver at all operations. He 
concluded that persons with small and atrophic livers are likely to 
respond poorly to surgical treatment, the response being in some way 
proportionate to the reduced size of the liver, and that such persons 
should be protected against possible postoperative hepatic complications 
before these have a chance to develop. 

TESTS OF HEPATIC FUNCTION 

At the present time most tests of hepatic function are highly unsatis- 
factory until the disease is so far advanced that the, information which 
they supply is no longer necessary. They are of the same degree of 
crudeness, Graham stated, as Richard Bright's test of renal function, 
which was performed by boiling urine over a spirit lamp. Certain things, 
however, may be said in their defense. In the first place, too much 
has been demanded of the individual test. Because of the wide variety 
of known hepatic functions, no one test can possibly be expected to 
reveal everything about the liver, and no single test should be relied on 
or condemned from so unreasonable a standpoint. 

In the second place, no test of any sort takes the place of scientific 
knowledge, clinical experience and diagnostic acumen. Tests are of 
value only in proportion to the knowledge and wisdom of the physician 
who uses them. They may furnish additional facts, confirm a clinical 
diagnosis, less often establish it, indicate the risk of operation, suggest 
corrective preoperative therapy and point out the need of postoperative 
treatment, but more than this they cannot do, nor should rnore be 
expected of them. The chief and final responsibility remains t e 

surgeon’s. _ . 

In the third place, even repeated tests cannot be relied on implicit), 
and a single test, we are inclined to say, should not be relied on ^ • 
It is not inconceivable, as we have already implied, that the patient s 

9. Judd, E. S. : Physiology of the Liver and Its Relation to Surgery of the 
Biliary Tract, Ann. Surg. 90:1035, 1929. ^ , 

10. Heyd, C. G. : The Chemical Mechanism of Liver Protection in A onun 

Surgery, Tr. Am. A. Obst. 46:102-107, 1933. T ct 

11. Graham, E. A.: Estimating the Risk of Operations on the 
by Testing the Excretory Function of the Liver, Radiology 21:191, 19 
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state may be extremely grave while his hepatic function remains within 
normal limits as one is able to measure those limits. In other words, the 
most 'accurate of tests must be permitted a reasonable margin of error, 
and it is possible, because of the enormous reserve capacity of the liver, 
for a number of things to be seriously wrong while hepatic function 
remains unimpaired, at least by available standards of measurement. 

Finally, it is impossible to employ the theoretically excellent precau- 
tion of performing every test on every patient, particularly when the 
tests involve (as so many of them do) repeated venous punctures. Quite 
aside from the time and expense inherent in such a plan, the average 
patient, as Robertson said, has decided objections to “being his own 
guinea pig.” Even if he would tolerate it, there is a more fundamental 
objection. The type of patient who is most likely to be benefited by 
the information derived from multiple tests is also the type of patient 
who should not be submitted to miscellaneous venous punctures. Valu- 
able as the information thus obtained may prove to be, it is by no means 
as valuable as the preservation of intact veins for the introduction of 
fluids which later may save life. 

Mann laid down certain other requirements for tests of hepatic 
function which involve the use of extraneous substances. Before such 
agents are employed, he said, two things must be clearly demonstrated : 
that the liver destroys all, or at least a major portion, of the substance 
chosen, and that the direct or indirect quantitation of the substance is 
possible after it has passed through the liver. He added, rather caus- 
tically, that the sponsors of most tests previously proposed have seldom 
troubled themselves to meet these specifications. He added another 
warning, that the outcome of any test is likely to vary according to 
whether it is performed on a glycogen-empty or on a glycogen-filled 
liver. Our own results with the Quick hippuric acid test of hepatic 
function have demonstrated the importance of this consideration. It is 
also demonstrated by the recent experimental work of C. S. Stone (cited 
by Lehman on which we shall comment later, and by the work of 
Forsgen and Gerritzen,^® which suggested a definite rhythm in hepatic 
function. 

Before proceeding to a consideration of the Quick test it is necessary 
to discuss the various tests of liver function which have previously been 
proposed. Such tests may be roughly classified under the headings of 
the various functions of the liver which they are supposed to illuminate, 

12. Lehman, E. P., in discussion on Payne, R. L. : Postoperative Care in 
Surgery of the Bile Tract, J. A. M. A. 109:1436 (Oct. 30) 1937. 

13. Gerritzen, F. : Liver Diuresis as Result of Rhythmic Function of Liver, 
Acta med. Scandinav. 89:101, 1936; abstracted, J. A. M. A. 107:754 (Aug. 29) 
1936. 
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aside from a large group of miscellaneous and often entirely illogical 
tests, most of which we shall ignore. 

Tests of carbohydrate function include typically the galactose test^'* 
and the levulose tolerance test. Both are based on the theory that in 
persons with hepatic dysfunction the rate of utilization of a predeter- 
mined amount of carbohydrate will be slower than in normal persons, 
and therefore a greater amount of the substance will persist in the 
general circulation and be excreted in the urine. The galactose tolerance 
test is generally regarded as unreliable. Jones, for instance, found its 
results normal in 2 cases of acute yellow atrophy, in both of which 
the diagnosis was proved by postmortem examination, and many other 
observers have had equally unsatisfactory results with it. Mann’s con- 
clusion was that too many factors are involved in the mechanism of 
sugar metabolism to make the test at all reliable, aside from the fact that 
there is a wide variation in the rate of utilization of dextrose by normal 
subjects. 

The levulose tolerance test, while somewhat more accurate, is open 
to similar objections. Mann pointed out that the theory on which it is 
based is defective, in that the muscles as well as the liver make glycogen 
from levulose. His experiments performed in association with Boll- 
man,^® furthermore, have demonstrated that a hepatectomized animal is 
capable of utilizing levulose. Flint, who found the test fairly accurate 
on the basis of a comparative histologic study of liver tissues, defended 
it on the ground that hepatic insufficiency can exist without clinical evi- 
dence ; this defense, however, as we have pointed out, holds for all tests. 

Studies on nitrogen partition have proved of no particular value, 
because extremely severe hepatic damage is apparently necessary to 
cause any significant alteration in these values. Studies of the urea, 
ammonia, amino acid, nonprotein nitrogen and uric acid contents of the 
blood have been made by competent observers, many of them by Mann 
and Bollman at the Mayo Clinic, with such varying and generally disap- 
pointing results that their independent value is practically nil. If the} 
are employed at all, they should be considered purely of auxiliary ^aIue 
and should never be relied on for therapeutic or prognostic direction. 

Tests of bile metabolism include typically the icteric index test, the 
van den Bergh test, the Fouchet test, the urobilinogen test, the test for 
bilirubinuria and the bilirubin test. The icteric index test is, as its name 
implies, a test for jaundice. It is a simple, reasonably accurate test, ti 

14. Jankelson, I. R., and Lerner, H. H. : Intravenous Galactose Liver Fun 
tion Test, Am. J. Digest. Dis. & Nutrition 1:310, 1934. 

15. Jones, C. M. : The Treatment of Acute Hepatic Insufficienc> an 
Relation to Prognosis, Am. J. Digest. Dis. & Nutrition 3:624, 1936. 

16. Bollman, J. L., and Mann, F. C. : Experimentally Produced Lesions o 
the Liver, Ann. Int. Med. 5:699, 1931. 
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chief value of which is in the revelation of latent or subclinical jaundice 
and in the demonstration of fluctuations in the icterus which cannot be 
detected by simple clinical observation. Its weakness lies in a considera- 
tion which we have already commented on, that the mere existence of 
jaundice does not necessarily imply a deficiency of hepatic function. 

The van den Bergh test is a qualitative and quantitative estimate of 
the content of the bile pigment in the blood, based on the Ehrlich diazo 
reaction. It furnishes much the same information as does the simpler 
icteric index test, and it is open to such possibilities of misinterpretation 
that many observers are unwilling to use it at all as a test of liver 
function. The Fouchet test falls into the same category. 

The urobilinogen test is based on the fact that urobilin produced in 
the intestinal tract is converted to bilirubin in the liver, completely if 
hepatic function is normal, incompletely if it is not (in which case it 
spills over into the urine as urobilinogen). Opinions vary widely as to 
the value of the test. Robertson stated that it merits little consideration. 
Elman and McMaster, as well as Pierson, in a discussion of Robertson’s 
paper, stated that in their opinion it is the most delicate single test 
available for an estimate of liver dj'sfunction. It has the advantage of 
simplicity of performance, though there is disagreement as to how it 
should be interpreted. If no urobilinogen is present in the specimen it 
may be assumed that biliary obstruction is complete. If it is present in 
dilutions greater than 1 in 20, it may be assumed that hepatic damage is 
extensive. Killian in the discussion previously referred to pointed out 
that the rate of excretion varies at different periods of the day, as well 
as from day to day, in cases of catarrhal jaundice and allied conditions. 
In his opinion the test should be a twenty-four hour one, and the result 
should not be considered negative unless the negative reaction persists 
for five consecutive days. Five days, however, is a rather long period 
to wait for information about a seriously ill patient. 

The presence of bilirubin in the urine as demonstrated by the bili- 
rubinuria test is predicated on the presence of an excessive amount of 
bilirubin in the blood stream. The test is simple and is of undoubted 
value in conjunction with other tests. Few, however, would be inclined 
to be as positive as Leveruf and Berceanu (quoted by Graham), who 
stated that by its application the diagnosis of gallstone colic can be 
made within a few hours after the onset of symptoms and long before 
the appearance of jaundice. 

17. Piersbl, G. M., and Rothman, M. M.: Practical Value of Liver Func- 
tion Tests, J. A. M. A. 91:1768 (Dec. 8) 1928. Greene, C. H. ; McVicar, C. S. ; 
Rowntree, L. G., and Walters, W.: Diseases of the Liver: III. Comparative 
Study of Certain Tests for Hepatic Function in Patients with Obstructive 
Jaundice, Arch. Int. Med. 36:418 (Sept.) 1925. 
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The bilirubin test of von Bergmann and Eilbott is undoubtedly a 
very sensitive test of hepatic function. Chemically pure bilirubin is 
introduced into the blood stream, and the amount in the plasma or serum 
is determined before the injection and also five minutes, three hours and 
four hours afterward, the amount recovered being interpreted as an 
index of the excretory function of the liver. The test has been greatly 
simplified since its introduction, but aside from the repeated venipunc- 
tures required the cost is prohibitive. Bilirubin costs approximately $25 
per gram, which makes a single test expensive and repeated tests, which 
we consider necessar}'^ in all cases, bey^ond reason for public charges and 
almost impossible for all but the most affluent of private patients. The 
test also has the serious defect that it cannot be used in cases in which 
jaundice is present. Harrop and Barron found that it frequently 
reveals unsuspected latent or subclinical jaundice; in their opinion, as in 
that of most observers, it is both accurate and delicate. Snell and 
Plunkett, on the other hand, were decidedly less enthusiastic. 

Most excretory tests of hepatic function are based on the same 
principle, the injection of a dye into the blood stream and the determina- 
tion of the degree of retention at stated periods thereafter. Various 
agents have been used for this purpose, but phentetiothalein sodium 
(phenoltetraiodophthalein sodium), which is now rather generally 
employed, is as satisfactory as any and, like the other halogen deriva- 
tives, has the additional advantage of making cholecystography possible 
at the same time. 


The value of the dye test for hepatic function was discovered acci- 
dentally in Graham’s clinic, where its application has given brilliant 
results. In a study of 4 entirely unexpected “liver deaths” which 
occurred after operations on the biliary tract, it was found that all the 
patients had shown after cholecystography a high retention of dye, 
varying from 60 to 90 per cent. Later studies revealed that normal 
persons during the same period had a retention of only 10 to lo per 
cent. The accidental finding was promptly turned to account, and since 
the method has been employed in Graham’s clinic and no patient with a 
retention of more than 50 per cent of dye has been operated on without 
careful preparation, the mortality' for cholecystectomy has been 
from 6 per cent to 0.4 per cent and the mortalit)' for operations on 
common duct from 7.7 to 2 per cent. 


the 
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Otlier observers Iiave testified to the value of the dye test. Magath 
reported tliat it indicates obstruction l<iui^ before the patient exhibits 
jaundice. Greene and his associates found it so constantly accurate 
in cases of portal cirrhosis that in the absence of positive findings they 
advised extreme caution in attributing ascites to a hepatic lesion. Greene 
also cited the finding of Chapman and his associates, that the average 
duration of life varies inversely with the degree of retention of dye. 
This would make the test valuable in determining the surgical risk versus 
the possible results of such operations for the relief of cirrhosis as the 
Talma-AIorison omentopexy, splenectomy, and ligation of the coronary 
veins of the stomach. Greene and Conner also considered the test 
valuable in determining the surgical risk of splenectomy and in demon- 
strating possible hepatic metastases from various types of malignant 
tumor. Bargen and his associates have used it in this fashion in opera- 
tions on the large bowel. 

Lahey and his associates have employed the test in several thousand 
cholecystectomies. They consider it very valuable but have warned 
against its use for patients with anginal and cardiac disease, emaciated 
patients, “poor risk” patients, jaundiced patients and patients with acute 
or subacute cholecystitis. For such subjects, Lahey stated, the intro- 
duction of the dye may cause an exacerbation of the disease which will 
require immediate operation. Obviously, these limitations materially 
reduce the usefulness of the test, for many such patients are. included 
in the group of patients for whom information as to the state of hepatic 
function would be of extreme value. 

The tests which we have mentioned are the principal tests of. hepatic 
function in general use. Certain others less generally used must also be 
mentioned. Weiss said that the lactic acid test is a useful prognostic 
aid in cases of jaundice, the elevation of the normal level (5.5 to 8.5) 
indicating a rapid destruction of glycogen in the liver and possible 
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impending toxemia. Epstein and Greenspan,-' of Mount Sinai Hospital 
in New York, studied the cholesterol and the cholesterol ester content of 
the blood in cases of hepatic and biliary disease, finding the ester value 
markedly lowered in the presence of acute hepatic degeneration and 
inclined to be absent in cases in which the termination was rapidly fatal. 
The cholesterol values are less strikingly altered. In mild conditions the 
initial levels are only moderately depressed, and there is usually a prompt 
return to normal. 

Determinations of serum albumin and globulin have been advocated 
by several authors. Foley and his associates found that in the presence 
of advanced hepatic damage the albumin content of the serum is reduced 
and there is a reversal of the albumin-globulin ratio. Snell also found 
that both clinically and experimentally a rise in globulin and a fall in 
albumin indicate increasing hepatic damage, while the findings are 
reversed as improvement takes place. The Takata-Ara test, which was 
original^ devised to differentiate meningitis from syphilitic involvement 
of the central nervous system, is also based on the ratio of albumin to 
globulin. It has the major defect, Magath pointed out, of being an 
empiric phenomenon and not yet explained on any satisfactory scientific 
basis. Its users report from 10 to 50 per cent of error, which is clearly 
too wide a margin for safety. Kirk,-® who collected from the literature 
3,583 cases in which it had been employed, concluded that its results are 
likely to be positive in any condition, hepatic or nonhepatic, in which the 
globulin level is elevated. Aside from its difficulty of performance, this 
makes it too insensitive to be used as a test of hepatic function. 

Crandall, discussing the paper by Robertson and his associates to 
which we have referred several times, mentioned the test for blood 
lipase. Among 130 persons without hepatic disease he found only 6 
with positive reactions for lipase, whereas the test yielded positive results 
in 80 per cent of patients with hepatic damage and in 100 per cent of 
experimental animals. It is not generally used. 

Lichtman in 1931 proposed a test for hepatic function based^ on 
the administration of a standard oral dose of cinchophen and a determina- 
tion by colorimetric methods of the twenty-four hour excretion o 
oxycinchophen in the urine ; excretion of more than 21 per cent of t le 
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amount administered indicates hepatic dysfunction. The test seems to 
be very reliable. On the other hand, in view of Palmer, Woodall and 
Wang’s comprehensive study of cinchophen and toxic necrosis of the 
liver one would hesitate to administer this agent, even in nontoxic doses, 
to patients in whom hepatic dysfunction was suspected, especially since 
the test, to be of value, demands repetition. 

It is clear that most of the tests which we have outlined are unsatis- 
factory. The simpler tests are inaccurate or insensitive, if not, both. 
The more reliable tests are too complicated for general use, or too 
expensive, or not applicable to the type of patient for whom they would 
be most useful. Finally, as we have already noted, the majority of 
such tests require repeated venous punctures, the information from which 
rarely compensates for the damage done to veins into which it may 
later be urgently necessary to introduce life-saving fluids. 

QUICK HIPPURIC ACID TEST OF LIVER FUNCTION 

In our own search for a simple, safe, reasonably accurate test of 
hepatic function, our attention was drawn to the hippuric acid test, 
advocated by Quick in 1932 and 1933. We have used it with increas- 
ing satisfaction for eighteen months, and have found that it possesses 
most of the advantages and is free from most of the disadvantages of 
the tests we have just listed. Before passing on to our own experi- 
ences with it, it may be of interest to outline the story of its develop- 
ment,®® which is both curious and interesting. 

The synthesis of hippuric acid was demonstrated by Wohler in 1824. 
In 1877 Bunge and Schmeidenberg, in experiments long regarded as 
final, showed that hippuric acid was formed when the kidneys of dogs 
were perfused with benzoic acid and aminoacetic acid. They therefore 
concluded that the kidney was the site of the synthesis, and their observa- 
tions were confirmed by Kochs in 1879 and by Cramer in 1902. 

On the other hand, these experiments were not always accepted 
without question. In 1857 Kiihne and Hallwachs had stated that the 
synthesis of hippuric acid might occur in the hepatic vessels in the 
presence of glycocholic acid. In 1911 Friedman and Tachau isolated 
hippuric acid after perfusing the liver of a rabbit with blood containing 
benzoic acid but no aminoacetic acid ; they concluded that in this species 
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the synthesis might occur in the liver. In 1915 Kingsbury and BelK^ 
found hippuric acid in relatively large amounts in the liver after injec- 
tions of aminoacetic acid and sodium benzoate; they suggested in their 
turn that the kidney was not the only organ in which the synthesis might 
occur. In 1918 Lackner, Levinson and Morse poisoned dogs with 
hydrazine sulfate, which is known to affect only the liver and to leave 
the kidney intact, and found the synthesis of hippuric acid greatly 
diminished after the hepatic damage had been established. They con- 
sidered their findings entirely in line with what is known of the charac- 
teristic synthetic function of the liver as compared with that of the 
kidney. In 1921 Delprat and Whipple, experimenting with necrosis 
of the liver, caused by chloroform, also found that under these circum- 
stances the synthesis of hippuric acid was much delayed. 

In 1925 Bryan,®^ who was using the hippuric acid test as it had been 
used prior to that time, to determine renal function, found in 6 of 10 
cases in which hepatic involvement was known -to exist a constant and 
definite decrease in the excretion of the acid. At this time he advanced 
the hypothesis that the decrease might possibly be due to hepatic dys- 
function, but until Quick’s work was published there was still no sug- 
gestion that the method might be used; for such a determination. 

In 1932, in a study of the conjugation of benzoic acid in man. 
Quick found that the excretion of hippuric acid preceded at a constant 
rate irrespective of the amount of sodium benzoate administered. He 
found, further, that the output of hippuric acid was greatly increased 
by the ingestion of aminoacetic acid or of foods rich in it. The con- 
clusion seemed inevitable that the rate of formation of hippuric acid is 
dependent on the speed with w'hich the organism can synthesize ammo- 
acetic acid. Since it is established that the main site of the synthesis of 
aminoacetic acid is the liver. Quick reasoned that various degrees of 
hepatic damage would be likely to show a corresponding diminution m 
the excretion of hippuric acid and that the hippuric acid test, hitherto 
employed as a test of renal function, actually should be a more delicate 
test of hepatic function. 

The logic of the reasoning is clear. The synthesis of hippuric acid 
is a process of detoxification which is brought about by the conjugation 
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of benzoic acid and aminoacetic acid. The product of the conjugation is 
eliminated in the urine as hippuric acid except for a small fraction which 
is conjugated with glycuronic acid and eliminated as glycuronic acid 
monobenzoate. There is no store of preformed aminoacetic acid in the 
body ; the liver has a maximum hourly synthesis of endogenous amino- 
acctic acid and in the absence of an exogenous supply cannot produce 
more than tliis maximum amount to combine with the ingested benzoic 
acid. The rate of synthesis of hippuric acid is therefore governed by 
the ability of the organism to produce aminoacetic acid. Since the liver 
is the site of the synthesis of this acid, it can reasonably be assumed 
that the synthesis will be adversely affected in the presence of certain 
types of hepatic damage and that the output of hippuric acid, which 
will be correspondingly diminislicd because of the lack of aminoacetic 
acid to combine with benzoic acid, will serve as an index of this 
damage. 

The equations may be expressed as follows : 

1. Sodium benzoate benzoic acid + aminoacetic acid hippuric 
acid. 

2. Sodium benzoate — > benzoic acid -j- glycuronic acid — > glycuronic 
acid monobenzoate. 

The author of the test, anticipating the objections likely to be raised 
to it, himself competently replied to them. The first possible objection 
is that the reserve of the liver is so great that impairment can be demon- 
strated only after extensive damage. This is true, Quick granted, in the 
sense that large portions can be removed surgically without lethal con- 
sequences, but proof exists that certain mechanisms are so delicate that 
there is practically no margin of safety. Pic adduced the experiments 
of Smyth and Whipple, which showed that a dose of chloroform too 
small to produce changes in the hepatic epithelium can cause a marked 
reduction in the excretion of the bile acids, and his own similar experi- 
ments, which produced a marked reduction in the output of glycuronic 
acid even when there were no histologic changes in the liver. The test 
indicates, he pointed out further, that the mechanism of the synthesis 
of aminoacetic acid seems to have no great margin of reserve, since 
the marked reduction in the excretion of hippuric acid in cases of 
catarrhal jaundice is out of ail proportion to the characteristic structural 
changes in this type of pathologic condition. 

The second possible objection is that the test indicates only one 
function of the liver. This is certainly true, Quick replied, but the 
hepatic functions are so intimately related to each other that injury 
to one mechanism may conceivably affect others. Thus the synthesis 
of amino acids, such as aminoacetic acid, depends on a precursor pre- 
sumably derived from the metabolism of carbolwdratcs, while the forma- 
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tion of bile acids requires an ample supply of aminoacetic acid and 
taurine. The mechanism which synthesizes glycocholic acid is probably 
the same as that which effects the conjugation of benzoic acid and 
aminoacetic acid. Quick stated that it is significant that long-continued 
obstructive jaundice, which, as shown by Greene, Walters, Ravdin and 
others, brings about a decrease in the formation of bile acids, also brings 
about a reduction in the output of hippuric acid, neither substance 
returning to a normal level until a considerable time after the relief of 
the obstruction. 

It is clear that the test is based on a normal physiologic process and 
for that reason involves no strain on the liver, such as is involved in 
almost all the other accurate tests for hepatic function, which require 
what we may describe as a superperformance. On the other hand, it 
,v3uld be foolish not to admit such valid objections as Mann’s, that no 
conclusive proof yet exists that the liver is the sole site of the synthesis 
of hippuric acid. It would also be desirable, Mann added, to study the 
test in relation to the physiologic state of the liver at the time of its 
performance, as well as to have more information in regard to the rate 
of elimination of hippuric acid in the toxic nephroses, which are fre- 
quently associated with hepatic injury. 

PRACTICAL CONSIDERATIONS IN THE USE OF THE QUICK TEST 

The mention of renal disease brings to mind the precaution that 
the test should alwa 3 's be checked from that standpoint. Quick suggested 
a coincident determination of the nonprotein nitrogen content of the 
blood. We ourselves prefer, as did Kohlstaedt and Helmer, the urea 
clearance test of Van Slyke.^® We believe it more delicate, in view of 
Van Slyke’s demonstration that as much as 20 per cent of renal damage 
can occur without alteration of the nonprotein nitrogen content of 
the blood. If renal damage is also present, the hippuric acid is retained 
as a nitrogenous product would be, and the test must .be interpreted in 
the light of that fact. Snell, discussing the same subject, mentioned 
the work of Snapper and Griinbaum, who contended that there is 
some relation between the elimination of water and the elimination of 
hippuric acid. He suggested that erroneously low values may be obtained 
for patients who are deh 3 ^drated and who secrete only small amounts 
of urine, but this objection does not seem to us valid if the kidneys retain 
their power of concentration. 

38. Kohlstaedt, K. G. : A Stud}- of the Hippuric Acid Excretion as a Test of 
Hepatic Function, Am. J. Digest. Dis. & Nutrition 3:501, 1936. 

39. Van Slyke, D. D., and others : Studies of Urea Excretion : Comparison of 
Blood Urea Clearance with Certain Other Measures of Renal Function, J. Chn. 
Investigation 8:357, 1930. 
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We have used the precipitation technic described by Quick and not 
the extraction method, avIu'cIi Kohlstaedt and Helmer considered more 
accurate in cases of jaundice; that has not been our experience. It is 
necessary, of course, that the specimens be stirred vigorously to precipi- 
tate tlie full amount of hippuric acid crystals ; failure to observe this pre- 
caution is undoubted!}' responsible for some inaccurate and misleading 
results. We also concentrate all specimens in which the crystallization 
is grossly small. 

We formerly followed the exact technic described by Quick and 
collected and studied hourly specimens ; for the last six months, after a 
series of careful comparative tests, we have been using a single four 
hour determination. W’e have found this method equally accurate and 
far simpler. It reduces the work in the laboratory and in the wards, 
which is a real consideration when nursing facilities are as limited as 
they frequently are in public hospitals. It also removes the objection, 
which is rather serious and frequent, that catheterization may be neces- 
sary to secure the hourly sjjecimens at the appointed times; the risk 
thus introduced, especially when repeated tests are made, needs no 
comment. We have also found that the specimen can be stored in the 
ice box for hours or even for several days without affecting the accurac}’ 
of the test. 

Sodium benzoate is nontoxic, and smaller doses are required for 
the test, Quick pointed out, than are administered therapeutically. 
It is inexpensive, which gives it an enormous advantage over llie 
admittedly accurate bilirubin test. Hirscheimer has shown in his study 
of the use of this test for pregnant subjects that the drug can be 
administered intravenously, but we have not so employed it. He lists 
as possible sequelae diarrhea, anorexia and vomiting, as the result of 
local irritation of the gastrointestinal tract, and such symptoms referable 
to the central nervous system as headache, tinnitus, vertigo and reflex 
vomiting. Even with the repetition of the test, which is our custom, 
we have not seen such serious symptoms in any case. 

In fact, the only case in our long series in ivhich there was even a 
^’^fl&^stion that the test had been dangerous is not particular!}' con- 
vincing. A Negro aged 66, with jaundice of undetermined duration, 
was operated on after a diagnosis of carcinoma of the pancreas had 
been made. Although he was an admittedly poor surgical risk, he had 
no special preparation except one infusion of dextrose. His preopera- 
tive hepatic function was 0.636. At operation the pancreas was demon- 
strably normal, and the symptoms were discovered to be due to a 
marked hepatic cirrhosis, for which cholecystostomy was done. The 
Quick test on the first day after operation was 0.435 ; one infusion 
• of dextrose had been given. On the fourth day it was 0.437 , and on 
the day before death. 0,257. Only one other infusion of dextrose had 
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been given during this period. One hour after each of the last two 
test doses had been administered the patient began to vomit, but there 
seems no doubt that by that time practically all of the sodium benzonate 
had passed out of the stomach. That the drug had a bad effect on the 
gastrointestinal tract of a seriously ill patient we are entirely willing 
to grant. That it had any part at all in the fatal outcome, as was sug- 
gested, seems unworthy of serious consideration; our own theory in 
this case, the only one in which such a question has arisen, is that a 
more liberal postoperative use of dextrose might have kept the patient 
alive for a longer period. 

It must be granted, however, that we have been handicapped, at 
intervals, by the loss of the dose by vomiting, though for the most 
part this accident has occurred only in certain wards and then in epidemic 
waves strongly suggestive of a psychic or hysterical origin. The dose 
is usually retained if nurses and fellow patients refrain from helpful 
suggestions as to its nauseous effects. At one time we were obliged to 
discontinue the test for a period of weeks in a ward for white women 
because of the state of near-hysteria over it to which an excitable intern 
had reduced the patients, not one of whom was seriously ill and all of 
whom were being used for controls. In the wards for men and for 
Negresses it is unusual to have any trouble. 

We have somewhat overcome the unpleasant taste of the sodium 
benzoate by the addition of a small amount of cherry syrup. Capsules 
are not practical. The required amount of the drug could not be put 
into fewer than six very large capsules, and the amount of water required 
to wash them down vmuld probably alter the results of the test. We 
have wondered, in this connection, whether the slight dilatation of the 
stomach usually present after operation, as well as the alteration in ' 
absorption due to the physiologic alteration of the stomach under these 
circumstances, might influence the results, but tbe four hour period 
occupied by the test would seem to eliminate that possibility. We have 
had little trouble in giving the test even on the first day after operation, 
but we often withhold it because of the unwisdom of putting even small 
quantities of fluid into the stomach or because of the impossibility of 
forbidding the use of fluids for seriously ill patients for such a length 
of time. 

We cannot say too emphatically that a single test does not furnisi 
adequate information as to the state of the liver. Our own custom 
is to make the test on admission, after preparation for operation, an 
on the first, second, third, seventh and fourteenth days after operation, 
according to the length of the patient’s stay in the hospital.^ We are 
willing to accept a single high or normal reading as correct if we are 
certain that there has been no unusual ingestion of carbohydrates, orally, 
or otherwise, but we are unwilling to accept a single low reading as 
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correct, and we promptly repeat the test when such a result is noted. 
We check any possible loss of the sodium benzoate by vomiting or by 
failure to drink all of the solution; for several months we have made 
it our custom to have the receptacle in which the dose was given returned 
to us unwashed and still marked with the patient’s name, so that we 
can check this point for ourselves. Also, to avoid possible errors in 
solubility, we use the patient’s own urine to rinse out the beaker in 
which the precipitation is done, to be sure that the entire amount goes 
through the filter. 

REPORTED RESULTS WITH THE QUICK TEST 

Quick’s first clinical report on this test included 36 cases, and his 
second,^® 100 cases, some 80 of which were cases of hepatic or biliary 
disease. In the light of increasing experience he has seen no reason 
to alter his original opinion of the value of the test as an index of 
hepatic function and as a guide to diagnosis arid prognosis. We agree 
with him that a low reading, particularly when it improves under 
correct preoperative preparation, does not necessarily indicate a fatal 
outcome, though we do regard it as a storm warning. 

Vaccaro^’- employed the Quick test in a group of 44 cases, in 27 
of which the gallbladder and bile passages were involved. Twenty-six 
patients in the latter group of cases came to operation or autopsy, and 
there was a rather surprising accord between the results of the test 
and the operative and autopsy observations. 

Snell and Plunkett used the test in a series of 38 cases of various 
types of jaundice. They said that it is a reasonably accurate and satis- 
factory index of parenchymatous hepatic damage, especially in the 
surgical types of jaundice. They noted little correlation between the 
results of this test and those of the galactose tolerance test but general 
agreement between the results and those of the serum bilirubin test. 
Our own idea is that if the Quick test and the bilirubin test could be 
used in combination for all patients they would furnish every reasonable 
safeguard from the hepatic standpoint, but the cost of the bilirubin test 
makes this plan impractical. 

Kohlstaedt and Helmer used the Quick test in 77 cases, 41 of which 
were instances of disease of the liver and biliary tract. They reported a 
stormy postoperative course, and also some fatalities of the “liver death” 

40. Quick, A. J. : Clinical Value of the Test for Hippuric Acid in Cases of 
Disease of the Liver, Arch. Int. Med. 57:544 (March) 1936. 

41. Vaccaro, P. E. ; The Synthesis of Hippuric Acid, Surg., Gynec. & Obst. 
61:36, 1935. 

42. Snell, A. M., and Plunkett, J. E. : The Hippuric Acid Test for Hepatic 
Function: Its Relation to Other Tests in General Use, Am. J. Digest. Dis. & 
Nutrition 2:716, 1935 
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variety, in patients with low readings. They stated that the test is reliable 
and of value for the detection of latent hepatic damage before clinical 
signs are evident. 

Yarduniian and Rosenthal used the Quick test in 68 cases, IS of 
which were instances of disease of the lir^er and biliary tract. They 
found the test reliable both independently and in comparison with other 
tests and reported it to be valuable in the differential diagnosis of hepatic 
and obstructive jaundice. 

PERSONAL STUDIES WITH THE QUICK TEST 

To date we have used this test in 82 cases of disease of the liver and 
biliary tract, of which the cases in which operation was performed are 
presented graphically (chart 1). Reducing the findings thus depicted 



Chart 1. — Preoperative and postoperative results of the Quick hippuric acid 
test for hepatic function in cases in which operation was performed on the biliary 
tract. 

to percentages of normal liver function gives the figures shotvn in 
table 1. 

A study of these figures leads to some interesting and surprising con- 
clusions. Highly significant in all cases, including those of the ether 
controls, which we shall discuss in detail in a later paper, is the marked 
impairment in hepatic function after operation. The drop on the first 
day is less marked after cholecystostomy than after other procedures, 
for obvious reasons. This operation is done on patients who are either 
very well prepared or respond very well to preparation. It involves less 

43. Yardumian, K., and Rosenthal, P. J.; Hippuric Acid Elimination as a Test 
for Liver Function, J. Lab. & Clin. Med. 22:1046, 1937. 
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manipulation, time and trauma than do other biliary procedures. But 
the slow return to normal, even four weeks after operation, suggests 
the doubtful wisdom of prolonged drainage of the biliary tract and 
supports Judd’s contention that there is rarely an occasion for chole- 
cystostomy except as a temporary operation. 

We are unprepared to make definite statements concerning the reason 
for the postoperative impairment of liver function. We doubt that any 
significant amount of hippuric acid is lost in the excreted bile. Per- 
haps infection is the cause. Perhaps the tube, which is a foreign body, 
sets up a reaction which spreads upward into the ducts. Probably the 
alteration of pressure in the biliary tree causes a loss of bile in the 
gastrointestinal tract, with a resulting decreased assimilation of fat. 
Since the metabolism of fat is related to the storage of carbohydrates, 
the glycogen in the liver is automatically diminished and the hepatic 
function correspondingly impaired. Whatever the reason, it might be well 

Table I. — Percentages of Normal Hepatic Function 


Preoperative Postoperative (by Days) 


Procedure 

1 

2 t 

1 

2 

3 

7 

14 

28 

Oholecystectomy 

77,5 


51.7 

60.0 

71.2 

90.2 

96.0 


Drainage of the common duct. . . . 

40.0 

40.0 

S6.C 

51.4 

•11 

60.0 

64.0 

ii.o 

Cholecystostomy 

77 9 

107.7 

87.0 

72.0 

82.0 

71.0 

78.0 

81.0 

Ether controls* 

05.0 

, 

70.0 

67.4 

79.3 

83.4 

83.4 



* Practically all biliary operations in this service are done mth tbe patients under ether 
anesthesia. 

t After preparation. 

to bear in mind the effect of cholecystostomy on the liver, as shown by 
these tests, and to reflect that it may not be the simple and safe pro- 
cedure it is usually assumed to be. 

These figures show the importance of preoperative preparation and 
postoperative care in cases of biliary disease. The patients treated 
by means of cholecystostomy or operations on the common duct were 
all carefully prepared for operation, because, presumably, their state 
was more serious than that of patients on whom cholecystectomy was 
performed, most of whom appeared to be good risks. After all biliary 
operations it is our custom to give dextrose intensively for the first? 
day or two, and thereafter according to the indications. Except for the 
preliminary preparation and the postoperative bolstering of the liver 
by this therapy, the postoperative drop in function might have been 
far more marked and might have had far more serious consequences. 
As it is, the drop to 36.6 per cent of normal in the cases of operation 
on the common duct suggests the enormous reserve power of the liver, 
on which we have repeatedly commented, and its ability to carr}”^ on 
under the most adverse circumstances. Just how far that reserve 
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extends is a matter on which we are not at this time prepared even to 
speculate. The fall in hepatic function after cholecystostomy on the 
second day after the operation, when intensive dextrose therapy is 
usually discontinued except on special indications, is also striking. Our 
figures support the hypothesis that the degree of hepatic damage in 
terms of functional impairment is proportionate to the duration of the 
biliary disease (chart 2). When the obstruction had lasted for an 
average of two and two-tenths years the hepatic function averaged 2.626, 
76.5 per cent of normal ; when it had lasted for four and a half years 
the hepatic function averaged only 2.170, 63 per cent of normal. 

The cases of toxic and catarrhal jaundice and those of miscellaneous 
hepatic conditions need no special comment (table 2). Unlike other 
observers, we found the values in cases of obstructive jaundice slightly 



Chart 2. — Relation between the state of hepatic function and the duration of 
disease of the biliary tract, as shown by the Quick hippuric acid test. 

lower than in cases of the toxic and catarrhal varieties, perhaps because 
of a possible longer duration in our cases. It is rather surprising, 
however, to find such low values with conditions of such relatively 
brief duration as are the toxic and catarrhal varieties of jaundice. We 
do not share Quick’s opinion that the test is helpful in distinguishing 
between obstructive jaundice, in the presence of which the hippuric 
acid values are likely to be high, and toxic jaundice, in the presence of 
which they are markedly reduced, and should be unwilling to determine 
our therapeutic course on this basis. Snell and Plunkett shared our views. 

We are inclined to lay no special stress on the relation between the 
icteric index and the values for the hippuric acid test of function. In 
cases of toxic hepatitis, in which the icteric index averaged 78, the 
hepatic function averaged 1.717, 50 per cent of normal. In cases of 



Table 2. — Typical Cases of Various Types of Jaundiee and of Hepatic and 

Biliary Disease 


No. 

Ence 

Sc.\' 

Age 

Duration 
of Illness 

Diagnosis 

Quick 

Test 

Comment 

1 

White 

Male 

Cl 

4 montlis 

Toxic hepatitis 

0.092 

Autopsy confirmation; 
Icterus index 111 

2 

White 

Female 

IS 

? 

Toxic hepatitis 

1.4G2 

Wassermann test 
-f-f-f-l-: icterus index 83 

3 

White 

Male 

2G 

10 days 

Toxic hepatitis 

2.893 

Prompt recovery 

4 

White 

Female 

23 

5 weeks 

Toxic hepatitis 

2.937 

Following treatment for 
malaria; test after 
recovery 

5 

White 

Female 

G4 

2 years 

Toxic hepatitis 

1.956 

Acute attack 20 days 
previously; previous 
cholecystectomy; 
icterus index 07 

6 

White 

Female 

49 

3 months 

Toxic hepatitis 

1.761 

Icterus index 33 

7 

Wlilte 

Female 

21 

1 week 

Toxic hepatitis 

1.307 

Wassermann test 
-f-i--f-i-; icterus index 

250 

S 

White 

Male 

56 

1 week ? 

Catarrhal Jaun- 
dice 

0.726 

Icterus index 250 

9 

W'hite 

Female 

27 

1 week 

Oatanhal jaun- 
dice 

0.758 

0.905 

Icterus index 200 

10 

White 

Male 

27 

2 weeks 

Catarrhal jaun- 
dice 

3.382 

Icterus index 166; test 
after intensive dextrose 
therapy 

11 

White 

Female 

1C 

2 weeks 

Catarrhal jaun- 
dice 

0.800 

Wassermann test 
-f-t--!--!-: icterus index 
90.9; puerperal Infection 

C months previously 

12 

Negro 

Male 

24 

2 weeks 

Obstructive 

jaundice 

2.459 

Wassermann test 
- 1 - -f -f -i- ; icterus index 
lOO; test after cllnleal 
recovery 

13 

Negro 

Male 

33 

3 weeks 

Obstructive 

jaundice 

2.488 

Icterus index 250 

14 

White 

Female 

GO 

25 years 

Obstructive 

jaundice 

1.520 

Icterus index 60; com- 
mon duet stone 

15 

White 

Female 

42 

2 months 

Obstructive 

jaundice 

2.2CC 

Acute cholecystitis; 
icterus index 23 

1C 

White 

Male 

43 

3 years 

Hepatic cirrhosis 

2.168 


17 

White 

Male 

49 

7 

Hepatic cirrhosis 

2.154 

Admitted for scalp 
lesion; cirrhosis discov- 
ered In course of 
examination 

18 

White 

Male 

49 

5 months 

Biliary cirrhosis 

1.061 

Ascites; chronic alco- 
holism 

19 

White 

Male 

C4 

6 months 

Biliary cirrhosis 

0.715 

-■Iscites; chronic alco- 
holism; repeated para- 
centesis; left hospital 
against advice, criti- 
cally 111 

20 

Negro 

Male 

CG 

5 days 

Biliary cirrhosis 

0.03G 

0.435 

0.437 

0 239 

Preoperative; one- 
infusion 2d, 4th and Sth 
days after cholccystos- 
tomy, under ether; two 
infusions during thh 
period: death 24 hours 
later 

21 

White 

Female 

31 

G months 

Pyogenic abscess 
of liver 

2.111 

l.SOG 

.After repeated drainage 

22 

Negro 

Male 

29 

10 weeks 

Amebic abscess 

1.317 

Died after 2d drainage 


of liver 
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obstructive jaundice, in which the icteric index averaged 141, the hepatic 
function averaged 1.489, 43.2 per cent of normal. In cases of catarrhal 
jaundice, in which the icteric index averaged 140, approximately the 
same as in the obstructive type, the hepatic function averaged 1.69^, 
49.2 per cent of normal, practically the same as in the toxic type. 

One or two illustrative cases may be mentioned. The most striking 
instance of failing hepatic function was furnished by a Negress aged 
27, who had had epigastric distress for four months and jaundice for 
three weeks, associated with a considerable though undetermined loss 
of weight. She had a very large and tender liver. The icteric index 
was 67 on admission, and rose successively to 80 and then to 100. The 
urea content of the blood was 14.7 and the red blood cells 3,610,000. 
The Quick test reading was 0.5 ; we were just beginning to employ the 
test, and we did not appreciate the significance of this finding until later, 
when the patient died a typical “liver-kidney death” after cholecystos- 
tom)% which was done on a diagnosis of hepatic cirrhosis. The bile 
drainage became increasingly light and scanty, the urea content of the 
blood rose to 38, and for the last three days of life the patient was prac- 
tically anuric, in spite of fluids given intensively by vein. Autopsy was 
not permitted, but the clinical S3mdrome was unmistakable. We tested 
this patient by the serum volume test for the hemorrhagic diathesis in 
jaundice, which we have just reported,'*^ and, as we had predicted, 
there was no tendency to hemorrhage. 

A white man aged 59, with a history of heartburn and painless 
jaundice for two weeks and no other symptoms of any sort, was also 
tested by the serum volume test. He showed an initial tendency to 
hemorrhage but none after preparation, and there was no bleeding at 
operation or afterward. The first Quick test gave a reading of 0.786, 
which by intensive preparation was raised to 1.859. This patient had 
had a cholecystostomy twent)’’ years before, and at operation the anatomic 
distortion was so great that complete exploration of the common duct 
was impossible. Cholecystenterostomy was therefore done. He died 
in fifty-six hours, with typical hyperpyrexia; the temperature rose to 
106 F. by axilla. Postmortem examination revealed no evidence of 
infection or hemorrhage, and the only positive finding was the hepatic 
necrosis which we have come to regard as typical of the so-called 
“liver death.” W^hether the hepatic damage as revealed by the first 
Quick test was too extensive to be overcome even by careful preparation 
we cannot say; the improvement in function as revealed by the second 
test may have been more apparent than real. Perhaps the patients 
failure to respond to dextrose therapy as well as to decholin sodium 
(sodium dehydrocholate), with which we have had excellent results in 

Boyce, F. F., and McFetridge, E. M.: A Serum Volume Test for the 
Hemorrhagic Diathesis in Jaundice, J. Lab. & Clin. ^fed. 23:202, 1937. 
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some similar cases, was due to an inability of the liver to take care 
of the carbohydrates supplied. Kramer and his associates^® have 
reported 2 such cases, in Avhich the patients were children, and repeated 
blood sugar determinations might have settled this point. 

Against these unfortunate cases may be set another. A 46 year old 
white woman told a rather indefinite story suggestive of a pathologic 
condition of the biliary tract of several years’ duration. The icteric 
index was 200 at operation, and we regarded her as a frankly poor 
surgical risk, although the initial hepatic function of 0.671 had been 
raised by preparation to 1.708 and the serum volume test had revealed 
no tendency toward hemorrhage. Operation revealed an obstruction of 
the common hepatic duct, the type of which was not exactly determined ; 
the duct was successfully drained after tedious dissection. Intensive 
dextrose therapy was continued for ten days after operation, and the 
convalescence was gratifying from every standpoint. The first postoper- 
ative Quick test, on the third day, showed a drop in the hepatic function 
to 1.219. Thereafter there was a small but steady rise, and when the 
patient was discharged, five weeks later, the reading was 2.283, more 
than three times as high as the initial reading. She has remained well 
to date, now eight months later. Why this patient, with a liver function 
on admission and after preparation slightly lower than those of the 
second patient described, should have gone on to vmeventful recovery 
while the other patient lost his life is a problem for which we have 
no solution. 

DEXTROSE THERAPY IN HEPATIC DYSFUNCTION 

Our studies with the Quick test have made it clear that the premises 
on which dextrose has been used to bolster the liver are entirely sound. 
The clinical results of this mode of therapy are well known ; the effect 
on the hepatic function of its use and withdrawal are shown by our 
figures, and research workers have had dramatic illustrations of what 
it can achieve. In recent (unpublished) work of our own on temperature 
reactions in hepatectomized dogs, we were able by this method to revive 
animals apparently at the point of dissolution eight and ten hours after 
operation. Their condition improved while the injection of dextrose 
was being made, and when it was finished they got to their feet and 
walked about the cage. 

Althausen’s studies on dextrose therapy are very valuable. In 
one set of experiments he showed that insulin not only does not increase 

45. Kramer, B.; Grayzel, H, G., and Solomon, C. I.: Chronic Hypoglycemia 
in Childhood, J. Pediat. 5:299, 1934. 

46. Althausen, T. L. : Effects of the Administration of Glucose and Glycogen 
Content of Normal and Experimental Damaged Livers, Ann. Int. Med. 6:193, 
1932; Dextrose Therapv in Diseases of the Liver, J. A. M. A. 100:1163 (.April 15) 
1933. 
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the hepatic glycogen but has precisely the opposite effect; his results 
suggest that the supposed beneficial effect of dextrose-insulin therapy 
is achieved by the dextrose in spite of the insulin. In another series 
of studies he was able to show the comparative effects of dextrose given 
by mouth and by vein. Biopsies of material taken at operation showed 
that patients who had received it intravenously for various periods had 
livers which showed moderate amounts of glycogen, , while patients who 
had received it chiefly by mouth exhibited liver cells literally stuffed 
with glycogen. He suggested as a corollary to these findings that sur- 
geons might remember the simpler method of oral administration 
before they resort to the more troublesome method of intravenous 
administration. 

Jones supplied further proof of the value of dextrose in cases of 
hepatic disease. In an analysis of 83 cases of hepatic insufficiency he 
found a 95 per cent mortality in the cases observed between 1922 and 
1929, when dextrose was used in small quantities if at all, against a 
mortality of 63 per cent in the similar cases studied since that date, 
when dextrose therapy has been given as a matter of routine. In 1 
case in our own series the patient has received so much benefit from 
the simple oral administration of carbohydrates that he has flatly declined 
the operation advised ; his clinical improvement has been paralleled by the 
improvement in his hepatic function. 

RELATION BETWEEN HEPATIC AND RENAL DYSFUNCTION 

Jones brought up another matter which is mentioned by very few 
writers but which we ourselves think very important, the relation 
between hepatic function and urinary output. He went so far as to say 
that the prognosis in cases of hepatic disease can be based on the 
occurrence or failure of spontaneous diuresis, and he cited cases and 
statistics to prove his point. We have noted the same relationship in 
a large number of cases, some of them included in this series. Similar 
cases have been reported to us by other physicians who know of our 
interest in this matter. 

An illustrative case might be mentioned. A white man aged 63, 
with a history of disease of the gallbladder for four years, had jaundice 
for the first time just before admission; there was no evidence of it 
clinically or otherwise after hospitalization. For many reasons he was 
regarded as a poor surgical risk, although routine tests, including the 
urea clearance test, gave normal values. The initial value for hepatic 
function was 0.847 ; after intensive preparation for ten days it was raised 
to 2.212. We might say at this point that we have no clear idea why 

47. Jones, C. M. : Newer Concepts of Liver Disease, New England J. Ked. 
215:432, 1936. Jones, C.'M., and Eaton, F. B.; Prognostic Significance of Spon- 
taneous Diuresis in Acute or Subacute Disease of Liver, ibid. 213:907, 1935. 
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some patients respond to preparation so well and others so poorly. 
Cholecystectomy, choledochostomy and drainage were done. The gall- 
bladder and ducts were full of sand and a friable, necrotic material 
strongly suggestive of malignant tumor, although this diagnosis was 
later disproved in the laboratory. 

The patient’s immediate postoperative reaction was not good. He 
was listless and oliguric ; the drainage of bile was scanty, and the prog- 
nosis was doubtful. The reading for the Quick test on the second day 
was 0.782. At this time we saw the patient in consultation and sug- 
gested the use of decholin sodium. Within four hours there was a free 
flow of bile, the patient had a large, spontaneous diuresis, and the entire 
clinical picture had changed ; in particular, the distressing listlessness 
had entirel}'’ disappeared. The convalescence was stormy, being com- 
plicated by an infection of the upper respiratory tract and a partial 
wound rupture, but the tendency to recovery was clear. Injections of 
decholin sodium were given every eight hours for twenty-four hours. 
The value for hepatic function on the third day after the operation had 
risen to 1.749, and although it fluctuated and at no time rose above 
2.289, it never again fell to a disturbingly low level. The patient 
has remained well from the standpoint of his biliary disease, although 
three months after his discharge he exhibited a malignant tumor of the 
larynx, from which at the time of writing he is slowly dying. 

Many explanations have been advanced of the relation between 
hepatic and renal function. We are particularly impressed with that of 
Bruhl and of Watzadse, which Vaccaro quoted. They found in their 
experimental work on frogs that a lack of aminoacetic acid brought about 
a cessation of glomerular circulation. On this basis it seems not 'unreason- 
able to assume that the liver, by means of the amount of aminoacetic 
acid released into the circulating blood stream, actually determines 
renal function. If this is true, we are justified in interpreting the 
progressive oliguria, passing over into anuria, which is the outstanding 
characteristic of the “deferred liver death” or "liver-kidney” syndrome, 
as due to a diminished synthesis of aminoacetic acid in the liver. 

We have heretofore explained this syndrome on the basis of the 
inability of the liver to take care of the products brought to it for 
detoxification and the resulting damage of the convoluted tubules of 
the kidney caused by the undetoxified products shunted on to the 
kidney by the failing liver. We did not accept the theory of Hehvig 
and his co-workers, that these toxins have a special affinity for the 
kidney. We were never fully satisfied with our explanation, however, 
for we did not consider that the renal damage, as manifested by histo- 
logic study, was sufficient alone to account for the marked depression of 
renal function that is clinically apparent. It now seems to us more rea- 
sonable to assume that the impairment of the s\'nthesis of aminoacetic 



426 


ARCHIVES OF SURGERY 


acid by the liver, as manifested by a decreased excretion of hippuric 
acid, is the basic deficiency. Certainly the improvement following the 
administration of decholin sodium, with, as has been proved, the result- 
ing improvement first in the synthesis of aminoacetic acid and then in 
the formation of bile acids, would seem to support this view, entirely 
aside from the actual clinical results we have repeatedly witnessed after 
the use of this agent. 

Whatever be the truth of this hypothesis, the important considera- 
tion is that a patient who exhibits a damaged hepatic function before 
operation, as manifested by a failure of synthesis of aminoacetic acid, 
becomes a doubly poor I'isk if there are also apparent signs of renal 
damage, such as a raised urea content in the blood and a low urea 
clearance. 

SUMMARY 

The increasingly important role of the liver in biliary surgery is 
pointed out. 

The functions of the liver are outlined, and its capacities and 
reserve power are discussed. 

The value and limitations of tests for hepatic function are 
considered. 

The advantages and disadvantages of the tests in general use are 
outlined. 

The development of the Quick hippuric acid test of liver function is 
sketched ; its advantages and disadvantages are listed, and special phases 
of our experience with it are discussed. 

The results of our personal experience with the test in cases of biliary 
and hepatic disease are set forth, and such special points are discussed 
as preoperative preparation, the postoperative drop in function, the rela- 
tion of functional impairment to duration of illness and the extreme 
importance of dextrose therapy preoperatively and postoperatively. 
Illustrative cases are reported. 

The close relation between hepatic and renal function is pointed out, 
and experimental and clinical proof of this relation is outlined. The 
generally good results following the use of decholin sodium are noted, 
and it is suggested that patients suffering from both hepatic and renal 
dysfunction should be regarded as dubious risks for operation. 

Note. — Shortly after this paper was written. Dr. Quick supplied us 
with an intravenous test, a modification of his original test. This modi- 
fication permits the use of the test immediately after operation and for 
seriously ill patients and therefore meets certain of the objections we 
have outlined. We have used the. intravenous Quick test in approxi- 
mately 50 cases of disease of the thyroid gland and biliary tract and 
have found it as satisfactory as the oral test. 
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In a previous communication ^ we have discussed in detail the 
rationale of the Quick hippuric acid test for hepatic function and have 
considered its reliabilit)' as an index of hepatic damage in cases of 
hepatic disease and of disease of the biliary tract. In this second com- 
munication we shall consider its value as an index of hepatic function 
in the presence of thyroid disease, for which purpose we have been 
employing it for the past eighteen months. Before discussing it from 
this aspect, however, it is necessary to consider the justification for any 
test of hepatic function under these circumstances, which means that 
we must trace the relation between the liver and the thyroid gland. 

It is surprising to find how commonly that relation is ignored. The 
majority of writers list hyperthyroidism as the chief cause of death 
of toxic thyroid disease, but they make no attempt to explain the origin 
of the state called thyroid crisis. On the other hand, Dinsmore,^ in 
the chairman’s address before the Section on Surgery of the American 
Medical Association in 1937, made the unqualified statement that the 
most common cause of postoperative delirium and disorientation after 
operations on the thyroid gland is hepatic failure, and Lahey ^ has repeat- 
edly stated his belief that deaths associated with hyperthyroidism are 
chiefly “liver deaths.” These physicians are authorities in the field of 
thyroid disease, and they know whereof they speak. We share their 
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opinion. The sudden and extreme hyperpyrexia which may occur post- 
operatively and even preoperatively, the jaundice/ which is sometimes 
slight and transient but more often deep and terminal, and the benefit 
produced in cases of th 3 ’Toid disease by the measures o'rdinarily used 
to combat hepatic damage, all seem to establish the thesis. 

We became interested in this aspect of thyroid disease in the course 
of our studies on the “hyperp 3 '-rexic death,” or “liver death” which 
sometimes follows operation on the biliary tract. The same type of 
clinical picture, dominated by hyperpyrexia with a rapidly fatal outcome, 
has become classic in the literature on thyroid disease, under the terms 
postoperative crisis or thyroid storm, and the same t 3 'pe of microscopic 
hepatic damage noted after such deaths in cases of biliary disease can 
be noted after similar deaths from thyroid disease. The same clinical 
and pathologic picture is also seen in cases of untreated or mismanaged 
thyroid disease for which operation has not been done. 

HISTORICAL DATA CONCERNING THE HEPATOTHYROID RELATION 

The whole subject of hepatic changes in cases of toxic th 3 'roid dis- 
ease has recently been reviewed by Cameron and Karunaratne.* As 
they pointed out, Paul in 1865 was the first to mention the association 
of hepatic cirrhosis and toxic th 3 Toid disease. Three years later Trous- 
seau again referred to the possible association. Jaundice was first 
mentioned by Habershon ® in 1874, and Burton ” in 1888 reported its 
transient occurrence in a male patient with exophthalmic goiter. White 
in 1886 had described the same disease as occurring in a woman aged 
47, in whom autopsy revealed hepatic cirrhosis. In 1898 Sutcliff® 
reported “an extraordinarily acute case of Graves’ disease” in a female 
patient who exhibited exophthalmos, emaciation, a racing pulse, per- 
sistent vomiting and antemortem jaundice, the whole illness occupying 
onty three months. Eder ® in 1906, in a report of 3 cases of jaundice 
in which the condition was associated with exophthalmic goiter, seems 
first to have realized the causal relationship, though his idea of the basis 

4. Cameron, G. R., and Karunaratne, W. A. E. : Liver Changes in Exoph- 
thalmic Goitre, J. Path. & Bact. 41:267-282 (Sept.) 1935. 

5. Habershon, W.: Exophthalmic Goiter; Heart Disease; Jaundice; Death, 

Lancet 1:510, 1874. , . < 

6. Burton, F. W. ; Pigmentation and Other Cutaneous Affections m Graves 

Disease, Lancet 2:573, 1888. 

7. White, W. H.: On the Prognosis of Secondary Symptoms and Lonoi- 

tions of Exophthalmic Goiter, Brit. M. J. 2:151-153, 1886. ^ 

8. Sutcliff, E. H. : An Extraordinarily Acute Case of Graves Disea , 
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from Exophthalmic Goiter, Lancet 1:1758, 1906. 



BOY CE-M cFETRID GE—HEPA TIC FUNCTION 


429 


thereof, some toxemia of the intestinal canal “with the seat of action 
in the pituitary body,” would need considerable editing today. This 
author noted that although jaundice was not mentioned in English texts 
as a possible accompaniment of toxic goiter, it had been referred to by 
Dieulafoy in his “Pathologic Interne” published in 1901. 

Marine ancl Lenhart in 1911, in a study of the pathologic anatomic 
picture in the presence of exophthalmic goiter, noted a well marked 
generalized thickening of Glisson’s capsule in 5 cases, in 4 of which 
atrophic cirrhosis was present. Such livers, they pointed out, tended to 
be reduced in volume, and the cells usually exhibited some degree of fatty 
metamorphosis. In 1919 Kohn reported 56 cases of exophthalmic 
thyroid disease, in 5 of which jaundice was present, and a group of 43 
miscellaneous cases, including instances of acute thyroidism as well as 
of nontoxic disease, in 6 of which jaundice was present. In 1922 Kerr 
and Rusk reported acute yellow atrophy of the liver following hyper- 
thyroidism, with marked parenchymatous degeneration of both liver and 
kidneys, and in a later communication Kerr reported the observation 
of several similar cases. 

Barker in 1930 described the interesting case of a white female 
patient admitted in coma, who died in twenty-four hours. Later a 
history of exophthalmic thyroid disease was secured ; the condition had 
been treated with iodine. Postmortem examination revealed a small 
liver, with areas of necrosis and passive congestion, and tubular degen- 
eration of the kidneys. He considered the hepatic condition analogous 
to the cardiac necrosis sometimes encountered in cases of exophthalmic 
goiter. Forbes by illustrative cases called attention in 1934 to the 
possible confusion, because of the similarity of the 'picture, between 
postoperative hepatic failure and a crisis of latent or potential thyroid 
disease, not previously suspected, after nonthyroid surgical treatment. 
He suggested that in all such cases compound solution of iodine U. S. P. 

10. Marine, D., and Lenhart, C. H. : Pathological Anatomy of Exophthalmic 
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be used as a tentative therapeutic measure. Parturier and Delerue^® 
in the same year stated that 30 per cent of patients with hepatic disease 
present signs attributable to the thyroid ; they suggested the addition 
of liver therapy to the thyroid treatment. It was their idea that 
clinically the effect of the thyroid on the liver is less marked than the 
effect of the liver on the thyroid ; "thyroid function is unlatched only 
when hepatic function fails.” Their arguments, it seems to us, suffer 
from the rather general tendency to overemphasis which we have 
observed in most of the communications from the French school on the 
subject of hepatic disease. 

On the experimental side, Farrant in 1913 showed that thyroid- 
fed cats and rabbits exhibited fatty degeneration of the liver, most 
marked around the center of the lobules and associated in some instances 
with changes suggestive of tubular nephritis. In 1917 and again in 
1918 Kuriyama studied the effect of thyroid feeding on white rats. 
Within three to five days after the feeding was begun the animals all 
exhibited a decreased glycogen content of the liver, though control rats 
in which a similar loss of weight was produced by regulation of the 
diet showed no such depletion. Within two or three days after thyroid 
feeding was discontinued the hepatic glycogen returned to normal, even 
though the body weight was not regained. In 1921 Hashimoto and later 
Goodpasture fed albino rats with thyroid substance in an endeavor to 
reproduce the myocardial changes noted clinically in hyperthyroid dis- 
ease ; this treatment produced not only those changes but also parenchym- 
atous changes in the liver and in the convoluted tubules of the kidneys. 
Himmelberger,^^ in 1932 by injecting into mice blood serum or urine 
from patients with exophthalmic goiter was able to demonstrate a 
substance capable of disturbing the glycogenic function of the liver, 
although no hepatic change was noted in 40 control animals which 
received the same sort of injections from patients without thyroid dis- 

16. Parturier, G., and Delerue, J. : Les syndromes hepato-thyroidiens, Rev. 
med.-chir. d. mal. du foie 9:187-218 (May-June) 1934. 
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ease. In 1935 Haban was able by thyroid feeding to produce necrotic 
changes in the livers of cats and rabbits, as well as a marked or complete 
depletion of the glycogen content; the changes were less marked in 
guinea pigs. 

For the last three or four )'ears the relation between the liver and 
the thyroid has been studied intensively in groups of cases rather than 
casually observed in single cases such as we have listed. Thus Weller 
in 44 autopsies on patients with hyperthyroidism found the liver normal 
in only 6 cases; the hepatic involvement was moderate in 16 cases and 
marked in 22. In a control series exactly the reverse was noted ; the 
liver was normal in 30 cases, moderately damaged in 13 and severely 
damaged in only 1. Rowe -■* in a study of 4,000 cases of various dis- 
eases found the incidence of hepatic damage, even including figures 
which he termed “heavil)^ over-weighted,” to be at most 10.9 per cent, 
whereas in 644 autopsies for hyperthyroidism he found the incidence 
of hepatic damage to be 22.44 per cent, more than twice as high. 

Beaver and Pemberton from the Mayo Clinic analyzed 107 
autopsies for toxic thyroid disease, the study covering ten years and 
including both the iodine and the preiodine period. In 98 cases, 91.5 
per cent of the total number, some hepatic involvement was noted. Acute 
hepatic lesions occurred in all patients who had died in crisis, as well 
as in 96.5 per cent of the patients whose basal metabolic rates were 
higher than -f- 60. Similar lesions were present in all patients with 
jaundice. The authors concluded that such lesions are an integral part 
of the syndrome of exophthalmic goiter and may be assumed to be 
due directly to thyroid intoxication, since they are usually proportionate 
in their degree to the intensity or the duration of the thyroid disease, 
or both. Ragins has reported 6 such cases, and Cameron and 
Karunaratne have added 30 cases in which autopsy was performed at 
the University College Hospital Medical School, London, England. 
They also listed 30 cases reported by Rossle and 26 by Haban. 

In studying the deaths from thyroid disease for the last ten years 
at the New Orleans Charity Hospital in the course of our investigations 
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on thyroid disease in this nonendemic area/^ we have observed 26 
clinical cases in which death was due only to thyroid crisis ; we have 
excluded all cases in which cardiac complications, pneumonia or any 
other factor played a part. We have also found 6 exactly similar cases 
in which autopsy revealed typical hepatic degeneration. There is ever)^ 
reason to believe that if the larger group of patients had also been sub- 
mitted to autopsy the postmortem observations would have paralleled 
the clinical picture. The fact that the majority of these patients, 19 
of the total group of 32, died in crisis without operation is a disturbing 
and impressive fact, comment on which is unnecessary. 

The actual pathologic changes present in such cases at autopsy are 
no part of our present discussion, which concerns the fact of hepatic 
damage rather than the details. We may say, however, that the patho- 
logic changes in our own cases, plus those in the cases reported in the 
literature, although they revealed an astonishing variety of pathologic 
terms apparently intended to cover the same changes, may be roughly 
classified as fatty infiltrative changes, degenerative changes ranging from 
mild changes to actual necrosis, cirrhotic changes and acute yellow 
atrophy. Frequently the same liver revealed various degrees of all 
changes in different areas, and as a rule there was a significant decrease 
in weight. 

TESTS OF LIVER FUNCTION IN DISEASE OF THE THYROID 

In view of the relation between the thyroid and the liver in the 
presence of toxic thyroid disease, it seems important to find some method 
by which the state of the patient can be estimated in terms of the hepatic 
factor. Clinical improvement, cardiac function, a falling basal metabolic 
rate — all are helpful alone or in combination, but they give no informa- 
tion on this point, and, as all surgeons know, they are frequently 
fallacious and misleading. Various attempts have been made to test 
hepatic function, but none with complete success. Ragins found the 
Takata-Ara reaction positive in 6 of 14 cases. Youmans and Warfield 
found the reaction to the bilirubin test positive in 7 of 12 cases and 
the reaction to the dye test positive in 22 of 44 cases ; in 4 of the 5 cases 
in which death occurred in this group hepatic damage was exhibited 
at postmortem examination. They noted no relation except loss of 
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weight between the functional efficiency of the liver and the clinical 
picture; other tests employed, including that for the basal metabolic 
rate, also furnished no parallels. They noted that evidence of hepatic 
dysfunction was most apt to be found in patients who in addition to loss 
of weight showed inabilit}'’ to maintain a satisfactory caloric intake. 

Haddock, Coller and Pedersen-® used the bromsulphthalein test in 
13 cases of toxic goiter and found an impairment of hepatic function 
in 8. They noted a considerable degree of correlation between the 
severity of the disease, the basal metabolic rate and the degree of hepatic 
damage. They also found the bilirubin test satisfactory for this purpose. 
In their postoperative study of hepatic function they noted a gradual 
return to normal levels after the initial postoperative fall, but there 
was no correlation between the preoperative hepatic function and the 
postoperative course. 

Hurxthal studied 505 patients Avith th3'roid disease by the choles- 
terol test. He found the A'alues low in toxic states, elevated by the 
proper preoperative preparation and eleA^ated most of all by operation. 
The lowest average A'alues were for patients in or near crisis, and the 
next loAvest, for patients Avith auricular fibrillation. The average A'alues 
Avere loAver with all types of exophthalmic goiter than with the nodular 
toxic varieties, and the values in cases of recurrent hyperthyroidism Avere 
almost as Ioav. The average value for patients Avith the nontoxic 
condition Avas normal, although the scatter Avas Avider than had been 
expected, which has been our experience Avith the Quick test. The level 
of the blood cholesterol and the basal metabolic rate shoAved an average 
reciprocal relationship. Adler and Lemmel (quoted by Lichtman 
noted abnormal cholesterol ester values in a fcAv cases of seA'ere 
exophthalmic goiter, finding the ester’ fraction depressed, as it tends to 
be with hepatic damage of other origins. Parhon and Cahane,®® 
studying experimental hyperthyroidism, noted a tendency tOAvard the 
increase of hepatic chlorides in the experimental subjects as compared 
Avith the controls. 

Althausen and WeA'er®® studied 26 hyperthyroid subjects by the 
galactose tolerance test and found the curve much higher than for 

29. Maddock, W. G. ; Coller, F. A., and Pedersen, S.: Thyroid Crisis: Its 
Relation to Liver Function and Adrenalin, West. J. Surg. 44:513-521 (Sept.) 
1936. 

30. Hurxthal, L. M. : Blood Cholesterol in Thyroid Disease: II. Effect of 
Treatment, Arch. Int. Med. 52:86-95 (Julj-) 1933. 

31 Lichtman S. S. : Liver Function in Hyperthyroidism, Arch. Int. l^Ied. 
50:721-729 (No’v.) 1932. 

32. Parhon C. I., and Cahane, M.: Sur le chlore hepatique chez les animaux 
hyperthyroldeses, Compt. rend. Soc. de biol. 120 : 52-53 (Jfay) 1935. 

33 Althausen, T. L., and Wcver, G. K. : Galactose Tolerance in Hyperthy- 
roidism, J. Clin, investigation 16:257-259 (March) 1937. 



434 


ARCHIVES OF SURGERY 


normal patients ; only 2 of the maximum readings were below 30 mg. 
The high curve, they theorized, may be due to accelerated intestinal 
absorption of galactose, as erddenced by the earlier appearance of galac- 
tose in the blood, but the reduced capacity to utilize carbohydrate is 
undoubtedly due to hepatic injury. They refused to believe that it is 
dependent on the low glycogen content of the liver, as most of the 14 
patients with diabetes whom they studied at the same time had normal 
galactose curves, although such subjects usually exhibit low values for 
hepatic glycogen. They did not find the changes in the galactose toler- 
ance generally proportionate to the severity of the disease. Kugelmann 
(cited by Lichtman) found evidence of hepatic dysfunction in 10 cases 
studied by the levulose tolerance test. 

Lichtman himself employed in 20 cases of uncomplicated hyperth)"- 
roidism the cinchophen test devised by himself and commented on in 
our first communication. Abnormal values were demonstrated in 16 
cases, but there was no relation between the basal metabolic rate, the 
known duration of the disease and the loss of weight. He noted a ten- 
dency of the hepatic function to improve as the basal metabolic rate 
approached normal levels, but he did not find any appreciable correlation 
between his results with the cinchophen test, and the icteric index 
or the results of the galactose tolerance test, the bilirubin test or the 
urobilinogen test. 

Schneider has suggested that a determination of the sodium content 
of the blood serum will furnish an index of hepatic damage. The level 
is relatively constant, the norm being 281 mg. per hundred cubic centi- 
meters. Patients with hyperthyroidism exhibit a fall in values, and 
operation cannot be undertaken in the presence of a level of 100 or less 
without grave risk. The spread seems, on the surface, rather too wide 
for absolute safety, and without further and stronger proof one is 
inclined to question his statement that the use of vitamin A will combat 
the fall in the glycogen content of the liver and in the sodium content 
of the blood serum so adequately that iodine can be dispensed with. 

The tests which we have listed, most of which we described in our 
first communication, dealing with biliary disease, are open to precisely 
the same objections in thyroid disease as in biliary disease. The tests 
which are simple are not accurate, the tests which are accurate are usually 
complicated or expensive, many require repeated venipuncture, and many 
put an additional strain on a liver in which damage is already suspected 
or known to exist. 

34. Schneider, E. : Concerning Broadening of Indications for Operation in 
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QUICK HIPPURIC ACID TEST OF LIVER FUNCTION IN 
DISEASE OF THE THYROID 

In December 1936 before the Southern Surgical Association we 
mentioned in a report of 321 additional cases of thyroid disease from 
the New Orleans Charity Hospital our preliminary studies with the 
Quick hippuric acid test and our conviction of its value in such cases. 
The paper was discussed by F. H. Lahey, who said that he also had 
used the test for this purpose and had been impressed with its relia- 
bility, though he agreed with us, of course, that it could not take the 
place of judgment and experience in the selection of patients adequately 
prepared 'for operation. 

The test has been mentioned by several writers as suitable for use 
in cases of thyroid disease, but we have seen only two reports in addition 
to our own preliminary statement. Shorr, Richardson and Wolff used 
it in 6 cases of exophthalmic goiter, in all of which normal values were 
revealed. Without intending any implication as to its correctness in' 
these particular cases, we might point out that many times normal values 
are to be expected, just as normal values are to be expected in any test 
for any condition. The mere fact that hepatic dysfunction sometimes 
occurs in association with thyroid disease does not mean that it must 
always occur. 

The only extensive report which has appeared is by Bartels,®' from 
the Lahey Clinic, and is an analysis of 66 cases of toxic thyroid disease 
studied by the Quick test. His conclusions follow : The results of the 
test show that liver function in the presence of hyperthyroidism under- 
goes a more frequent and more intense change than has previously been 
suspected. The changes in function correspond to the hepatic changes 
demonstrated pathologically and furnish an ample basis of explanation 
for thyroid crisis. The degree of dysfunction is related to the clinical 
severity of the disease and to the degree of toxicity as indicated b}’- the 
basal metabolic rate and by the necessity for operation in stages. 
Improvement in function occurred with preoperative preparation and was 
more marked in diffuse toxic disease than in nodular toxic disease; 
the test therefore furnishes an evaluation of the success of preoperative 
treatment. A postoperative decrease occurred in most cases, with a 
later return to approximately normal. There was no correlation between 

35. Lahey, F. H. : Critical Thyroid States: Their Diagnosis and Treatment, 

S. Clin. North America 16:1521-1531 (Dec.) 1936. 

36. Shorr, E. ; Richardson, H. B., and Wolff, H. G. : Endogenous Glycine 
Formation in Myopathies and Graves’ Disease, Proc. Soc. Exper. Biol. & Med. 
31:207-209 (Nov.) 1933. 

37. Bartels, E. C., and Perkin, H. J. : Liver Function in Hyperthyroidism as 
Determined by the Hippuric Acid Test, New England J. Med. 216:1051-1060 
(June 17) 1937. 



436 


ARCHIVES OF SURGERY 


the hepatic function as demonstrated by this test and the duration of the 
disease or the amount of weight lost, though there was a rather close 
correlation between it and the increase in the cholesterol content of the 
blood during the preoperative preparation. 

The majority of the points Bartels makes we made before the South- 
ern Surgical Association. This test, as we pointed out at that time, is a 
simple method which needs no elaborate facilities or special competence. 
It eliminates the human equation, which invalidates determinations of 
the basal metabolic rate for nervous and restless subjects. It puts 
practically no strain on the patient and therefore can be repeated as often 
as necessary. On the other hand, as Bayley has pointed out in his fine 
study of thyroid crisis, the use of such measures as roentgen examination, 
venipuncture and even the basal determination of the metabolic rate may 
at times, however necessary they may be, precipitate a serious or a fatal 
crisis. 

We have now used this test in a sufficiently large series of cases to 
make rather positive statements about it, provided, of course, it is per- 
formed with the precautions set forth in our first communication. The 
most important, we think, is its serial use. We believe that we can now 
say with a fairly high degree of accuracy that one patient is a good 
risk from the hepatic standpoint and another a doubtful one. By repeated 
tests we believe that we can safely say at the end of the planned prepara- 
tion that the patient has become a good risk from the hepatic aspect, 
or has become a fair one, or remains a poor one and must be further 
prepared in anticipation of the drop in hepatic function which follows 
any surgical procedure. We have no doubt that in this postoperative 
drop lies the explanation of many deaths, particularly of improperly 
prepared patients, which have hitherto been attributed to other causes. 
We hope with further experience to be able to determine the lower limits 
of safety, so that we may say that some patients no matter how urgently 
they need surgical treatment had best be left untouched, since their lack 
of response to preparation presages a postoperative fall in function that 
is likely to be more than their badly damaged livers can endure. 

We pointed out in our 1936 communication, and we would reiterate 
with equal emphasis here, that more should not be read into this test 
than it can tell. It interprets hepatic damage in terms of function; 
repeated tests indicate alterations in function; but a single test and 
repeated tests tell nothing else. This is not an index of the type of risk 
represented by the patient with thyrocardiac disease, for whom the 
cardiac damage wrought by the hyperthyroidism is the outstanding con- 
sideration. This test is no index of possible respiratory failure ° 
any other complication except hepatic damage. These points we sha 
prove later by illustrative cases. 
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We have to date used this test in 108 cases of surgical thyroid disease, 
93 of which are shown graphically (chart 1). We also have incomplete 
data on 39 other cases, in many of which the patients were treated sur- 
gically. The cases shown graphically are divided as follows: diffuse 
goiter, 26 cases ; toxic diffuse goiter, 23 cases ; nodular goiter, 32 cases ; 
nodular toxic goiter, 12 cases. The percentages of normal hepatic func- 
tion are shown in the accompanying table. 

The conclusions to be drawn from these figures are rather surprising. 
It will be noted that the response to preparation of patients with nodular 
toxic disease was more marked than that of patients with the toxic 
diffuse variety. This is the reverse of Bartels' experience and perhaps 
is to be explained by the difference between the varieties of thyroid 



Chart 1. — Preoperative and postoperative results of the Quick hippuric acid 
liver function test in cases of surgical thyroid disease. 


Percentages of Normal Hepatic Function 


Preoperative Postoperative (br Days) 

>< . . A 


Type 1 2t 1 2 3 7 

Diffuse 83.0 .... 52.7 70.2 73.0 S1.5 

Toxic diffuse 5S.0 60.7 58.0 OS.t 59.0 70.0 

Nodular 7S.S .... 71.8 74.0 79.0 70.0 

Toxic nodular 57.7 70.0 69.0 04.0 71.0 72.0 

Ethylene* control lOO.O — 79.0 91.0 .... 88.5 


* All thyroid operations arc done under ethylene anesthesia on this service, 
t Alter preparation. 


disease in endemic and nonendemic areas. It may also be that our 
preparation was more intensive for the group with nodular toxic dis- 
ease, which is largely composed of older Negroes, with whom we have 
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learned to fear trouble. The initial readings for both varieties of toxic 
disease are practically the same. 

The marked fall immediately after operation, which parallels the fall 
in the control ethylene group (composed of young, normal persons sub- 
mitted to elective appendectomy or hernioplasty) is as notable as the 
similar fall after biliary operations. The seriousness of the drop was 
always offset in the patients with toxic disease, and usually in those 
with the nodular type, who were older, by the use of infusions of 
dextrose. It is usually easy to determine from the figures the day on 
which the dextrose was withdrawn. For the simple diffuse type of 
goiter, dextrose was used only on special indications, and there was 
nothing to bolster the postoperative fall. 

. The relatively low values for the patients with'nontoxic involvement 
suggests that this test may reveal a latent toxicity during which metabo- 
lism is increased and hepatic function correspondingly diminished, even 
though clinical manifestations are lacking. We wonder whether some 
such explanation does not hold for the rather marked difference in liver 
function between Negro and white patients (chart 2). Except in the 
group with toxic diffuse disease, the hepatic function at admission in 
terms of normal was invariably lower for the Negro than for the white 
patient : 


Type 

White 

Negro 

Diffuse 

91.0 

77.5 

Toxic diffuse 

55.6 

59.0 

Nodular 

81.0 

78.1 

Toxic nodular 

64.7 

54.6 


We are inclined to think that these discrepancies are something more 
than coincidence. In previous communications dealing with thyroid 
disease in this area we have commented that the Negro exhibits a rather 
low toxicity and is inclined to ignore his toxic symptoms, so that the 
duration of his disease is ’longer on the average than is the duration of 
the illness for white patients. This is not a particularly satisfactory 
explanation. Another curious fact is that Negro girls between 10 and 
15 years of age exhibit both a relatively and an absolutely lower func- 
tion, regardless of the nature of their disease, thyroid or nonthyroid, 
than do white girls of the same age. 

In the occasional case we found a high hepatic function in the face 
of clinical evidence of extreme hyperthyroidism. As we have alread) 
said, our interest in dysfunction of the liver in the presence of thyroi 
disease does not blind us to the fact that it is not present in all cases. 
Again, it is possible that the anomaly may be explained by an excessn e 
use of carbohydrates or of pure dextrose immediately before the test 
was performed. It may also be, as Chiray (cited by Youmaps an ^ 
Warfield) has suggested, that the first response of the liver to mjur} 
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may be an increase in functional efficiency. This holds true for hepatic 
cirrhosis and other hepatic states and may be true here also. 

The practical application of the knowledge concerning the hepatic 
factor in thyroid disease has been demonstrated by Frazier and his asso- 
ciates, Brown, Frieman and North,^® who have stressed the value of 
intravenous dextrose therapy as a prophylaxis against the violent post- 
operative reactions frequently seen in patients suffering from hyper- 
thyroidism. In 70 gravely ill patients for whom they employed this 
therapy there were no crises and no reactions approaching crises ; there 
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Chart 2. — Comparative study of liver function in the presence of thyroid disease, 
as shown the Quick hippuric acid test performed on patients of the white and 
Negro races. 

were also no deaths. Among a control series of 100 similar patients 
for whom dextrose was not used there were 2 deaths in crises, and 
a third patient had a similar but somewhat atypical reaction. 

38. Frazier, C. H., and Brown, R. B. : The Th3Toid and the Liver, Tr. .■\m. A. 
Study Goiter, 1935, pp. 168-178. Frazier, W. D., and Frieman, H.: .•Mterations 
in Liver Glycogen Following Thyroid, Iodine and Glucose Feedings, Surg., Gj-ncc. 
& Obst. 60:27-29 (Jan.) 1935. Frazier, C. H., and North, J. P. : Carbohydrate 
Itletabolism in H^'perthyroidism, Tr. Am. A. Study Goiter, 1933, pp. 203-209. 



440 


ARCHIVES OF SURGERY 


These same authors have stressed another important consideration, 
that the fatty changes frequently found in the livers of patients with 
hyperthyroidism are likely to he just as serious as the depletion of the 
hepatic glycogen, on which we have tended to focus our entire attention 
in the past. A high carbohydrate diet and the liberal use of dextrose 
will take care of the glycogen depletion, but other measures are needed 
to protect the organism against the equally serious fatty changes in the 
liver. If repeated determinations of blood sugar show that the dextrose 
is not being absorbed, lecithin should be added to the therapy. The 
persistent hypoglycemia in a case reported by Kramer and his associates 
and mentioned in our first communication could be explained on the 
basis of fatty changes in the liver, and it is possible that a similar expla- 
nation would hold in many cases of thyroid disease. 

It is our own strong conviction that -a large part of the decrease iir 
the mortality from thyroid disease in Charity Hospital in 1936 as com- 
pared with the figures reported in 1933 is due to the use of dextrose 
in the second series. In the first 341 cases there were 26 deaths, 7.6 
per cent, against 12, or 3.7 per cent, in the second 321 cases. In the 
first series there were 19 deaths in 177 cases of toxic disease, 10.8 per 
cent, against 8 deaths in the second series of 121 cases, 6.6 per cent. 
In the second series dextrose was used almost routinely as a postop- 
erative measure in cases of the toxic type, as well as in many instances 
of nontoxic involvement. Rarely was it withheld until the need for it 
was demonstrated, and perhaps a still more liberal use of it would have 
reduced the mortality further. 

The postoperative use of oxygen might also be a means of reducing 
the mortality caused by the hepatic factor. Judd noted that the 
oxygen saturation of the blood is decreased in patients with hepatic 
disease and suggested inhalations of oxygen as a corrective measure. 
His conclusion that perhaps one result of transfusion is to improve the 
oxygen saturation curve seems entirely rational, and both oxygen therapy 
and transfusion would seem indicated for toxic thyroid disease in which 
the hepatic factor is apparent. 

The following cases present several points of interest. 

Case 1. — An exceedingly toxic Negro aged 37 entered the hospital with con 
gestive heart failure and a two year history of toxic (diffuse) thyroid disease. 
Preparation for surgical treatment was complicated by the necessity for thora 
centesis and the extreme difficulty of keeping him in bed and submissive to e 
regimen ordered for him. At the time of his admission the Quick test reading 
1.221, approximately 35 per cent of normal. Before the first lobectomy, 
which he was prepared by standard treatment (including dextrose therapy) 
value had risen to 2.523. He stood the operation well; he was given dextro 

39. Judd, E. S. ; Snell, A. M., and Hoerner, M. T. : Transfusion for Jaundiced 
Patients, J. A. M. A. 105:1653-1658 (Nov. 23) 1935. 
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liberally for several days afterward, and after the expected postoperative drop 
the test of hepatic function showed almost the same reading as before. Because 
his cardiac condition made him a very poor risk, the second operation was delayed 
as long as possible, but the recurrence of the toxic symptoms, together with evi- 
dence of failing hepatic function by serial Quick tests, clearly indicated the neces- 
sity for the second lobectomy. 

He was prepared for it with even more difficulty than for the first, partly 
because of the confusion incident to the demolition of the old Charity Hospital 
and the removal of the patients to other quarters. Then, two days before opera- 
tion was to be done, through a most unfortunate error he was dismissed from the 
ward by a house officer charged with the task of clearing the hospital of all 
patients except those in urgent need of treatment, during the actual days of 
moving. The error was promptly discovered, and the patient was brought back 
to the hospital from the country four days later. He was in very poor condition, 
however, especially from the cardiac aspect. Again he was prepared for opera- 
tion, and when this was undertaken ten days after his return, his hepatic func- 
tion, which had fallen to 1.461 during his absence from tbe hospital, had risen 
to 2.974, though the cardiac state was extremely unsatisfactory. His immediate 
reaction from the second lobectomy was not alarming, but congestive cardiac 
failure developed on the second day, and he died within forty-eight hours. 
Permission for autopsy could not be secured. We have quoted this case at 
length because it illustrates two points. The first is the correlation between 
clinical improvement and regression and the elevation and fall in the Quick test 
readings. The second is the uselessness of the test as an indication of cardiac 
risk. 

Case 2 . — A Negress aged 36 was admitted to the hospital with typical symptoms 
of nodular toxic goiter. She had been treated with iodine for an undetermined 
period before admission. In her first test of hepatic function the reading was 
1.9S0, and in the second, five days later, 1.114, the decrease corresponding to the 
extremely nervous state to which she had been reduced by the noise and confusion 
incident to the demolition of the hospital. During intensive preparation of the 
patient for the operation the function rose to 2.789, and she seemed so good a 
risk that subtotal thyroidectomy was done instead of the lobectomy which had 
been originally planned. She reacted well. Three hours later, just as an intra- 
venous infusion of dextrose was about to be given, with a normal blood pressure, 
a pulse rate of 90, a temperature of 99 F. and a respiratory rate of 22, she 
suddenly stopped breathing and could not be revived. The patient was under 
observation when the catastrophe occurred. There was no evidence of hemor- 
rhage, nor could any other accident be demonstrated as a possible cause of death. 
Autopsy was not permitted. The hepatic factor clearly played no part in this 
death, and, again, such a fatality cannot be predicted by the Quick or by any 
other test for hepatic function. 

Case 3. — A white woman aged 43 was admitted to the hospital with a toxic 
nodular goiter and signs of e.xtreme toxicity. The initial hepatic function of 
1.859 rose to 3.425 after intensive preparation, including dextrose therapy. Opera- 
tion was done in stages, in spite of the improvement. The hepatic function after 
operation was well maintained until the fourth day, when dextrose was with- 
drawn. Then it fell to 1.796, although it rose gradually thereafter, and con- 
valescence was without incident. She returned for the second operation two 
months later, at which time the initial hepatic function was 3.012 and her clinical 
condition was greatly improved. After proper preparation the second lobectomy 
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was done, without complications. Again the tests of hepatic function, after the 
initial postoperative drop and the further drop when dextrose was withdrawn, 
kept pace with the clinical improvement. 

This case furnishes an excellent illustration of the value of the test as an 
index of the efficacy of preoperative preparation, as well as of the improvement 
in function which follows properly performed operations. Clinically the patient 
on admission was a very poor risk. 

SUMMARY 

Clinical and experimental proof of the relation between the liver and 
the thyroid is presented. 

The tests of hepatic function previously used in thyroid disease are 
discussed. 

Our own experience with the Quick hippuric acid test of hepatic 
function as applied to thyroid disease is outlined. 

The conclusions possible from our results are discussed. 

Illustrative cases are cited. 
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In two previous communications ^ we have discussed the value of the 
Quick hippuric acid test of hepatic function in the treatment of hepatic 
and biliary disease and of thyroid disease. In this communication we 
shall consider it in connection with the general problems of surgery. 
We are increasingly of the opinion that the role of the liver in all t 3 'pes 
of surgical disease is more important than is generally suspected, and 
we are in hearty accord with the writers^ — they are relatively few — who 
make the point that it is quite as important to consider the liver in 
evaluating the surgical risk as it is to consider the heart, the kidneys 
and the lungs. 

In our first paper on the subject of “liver death,” which was written 
in 1934, we said: 

Our experimental study has not yet progressed to the point at which we 
feel that we can make suggestions of any I'alue to prevent the distressing catas- 
trophe of "liver death.” The most important consideration, it seems to us, lies 
in Graham’s rather casually uttered statement that . . . the patient with a 
damaged liver presents a questionable risk not only for operation on the biliary 
tract, but for any operation, no matter how trivial it may be . . . that warn- 
ing, taken at its face value, will mean for all practical purposes a surgical revo- 
lution. It will mean that there will be no more “simple surgery." It will mean, 
particularly, that the surgeon who proposes to perform operations on the biliary 
tract . . . must regard all such patients as presenting potentially poor risks, 
regardless of how incongruous their inclusion in such a category may seem. It 
means, to go further, that all candidates for any operation must be studied from 
the standpoint of hepatic function, and that the ninety and nine must be dis- 
commoded and inconvenienced to rescue the one who maj' otherwise be lost. 

From the Department of Surgery of the School of Medicine of Louisiana 
State University, and the Charity Hospital of Louisiana. 

1. Boyce, F. F., and McFetridge, E, M. : Studies in Liver Function by the 
Quick Hippuric Acid Test: I. Biliary and Hepatic Disease, Arch. Surg., this 
issue, p. 401 ; Studies in Liver Function by the Quick Hippuric Acid Test : II. 
Thyroid Disease, ibid., this issue, p. 427. These papers contain extensive lists 
of references, which are not repeated here. 
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When those words were written we were unaware of Shallow’s 
statement to the same effect, though actually, as Robertson pointed out, 
he seems to have been one of the very first to be emphatic about the 
matter. In the course of a staff meeting he mentioned a certain unex- 
pected mortality in his surgical practice, the reason for which became 
clear when dye retention tests for hepatic function revealed in many 
cases damage of which there had been no clinical evidence. In the light 
of those findings he adopted the principle that patients who reveal such 
damage and who do not respond to standard measures to correct it had 
best be refused all but emergency operations. 

The data on patients whom we have studied as controls in our work 
with the Quick hippuric acid test bear out Shallow’s contention. For 
most of the 28 presumably normal patients whom we studied the test 
readings were normal, as were those for the normal subjects studied 
by Vaccaro, Quick, Kohlstaedt and Helmer, and Yardumian and Rosen- 
thal. Yet at intervals we found patients normal by every clinical 
standard who revealed unexpectedly low values in this test. Such 
patients we are inclined to look on with dubious eyes unless they are 
definitely prepared for their surgical ordeal, for our controls show that 
even entirely normal persons undergo a more or less marked drop under 
all types of anesthesia. 

Knowledge of the effect of anesthesia on the liver is, of course, 
not new. The work of Rosenthal * and of Bourne,® to mention only 
one group of workers in this field, has made it clear that ether as well 
as chloroform causes an impairment of hepatic function as measured 
by the dye test. Bourne wrote ; 

The striking difference between the ether and chloroform results is that with the 
former the animal has returned to normal the next day, while with chloroform 
the harm continues to progress, and does not reach a maximum until the day 
after the anesthesia. 


Our findings are also more striking than those of Cantarow, Gart- 
man and Ricchiuti.^ Studying 60 patients on whom cholecystectomy 
was performed for biliary disease without jaundice, they found by the 
bilirubin and the dye retention test evidence of postoperative impair- 
ment of hepatic function, which sometimes lasted four days. 

Our findings with the Quick test, as we have said, are rather 
more striking. For purposes of comparison with our groups of patients 
operated on for disease of the thyroid gland or of the biliary tract, we 


2. Rosenthal, S! M., and Bourne, W. : The Effect of Anesthetics on Hepatic 

Function, J. A. M. A. 90:377-379 (Feb. 4) 1928. ,^..8^-49=: 

3. Bourne, W. : Anesthetics and Liver Function, Am. J. Surg. 35:48 - 

(Dec.) 1936. _ . i, 

4. Cantarow, A.; Gartman, E., and Ricchiuti, G.: Hepatic Function, 

Surg. 30:865-874 (May) 1935. 
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elected to study as controls (see chart) groups of presumably normal 
persons who were to undergo elective operations (appendectomy and 
hernioplasty) for conditions not connected with the biliary tract or the 
thyroid gland, in order to note the effect on hepatic function of sup- 
posedly simple operations. These patients were not specially prepared 
for operation, nor were the}^ given special postoperative treatment; 
only patients who made an uneventful convalescence were included. It 
is interesting and surprising, as we have implied in previous communi- 
cations, to note what anesthesia and simple operations do to the liver, 
as expressed in percentages of normal function (table 1). 



Preoperative and postoperative results of the Quick hippuric acid test for 
liver function in uncomplicated appendectomies and hernioplasties performed with 
various types of anesthesia. 


Table 1. — Percentage of Normal Function 


Postoperative (by Days) 


— — - 

Ancstlictic Sion 1 2 3 7 H 

Ethylene 100 79 91.0 .... 8S,5 

93 70 07.4 79.3 S3.4 S3.4 

- Spinal Ill 02 S7.0 79.0 90.1 92.0 


On the basis of these figures, the Quick test would seem to be a 
more delicate index of hepatic function than either the bilirubin test 
or the dye test, which were used in the studies just referred to. 

There are many possible explanations for the 25 per cent drop in 
hepatic function with ether anesthesia. Crile. for instance, showed 
the serious consequences of exposure of the liver during abdo.niinal 
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operations and said that the deleterious effects are enhanced when ether 
anesthesia is used. With each degree of falling temperature, he stated, 
there is a loss of 10 per cent in hepatic efficiency. He suggested the 
use of diathermy during operation as well as during the critical days 
after the operation, to take care of the thermal factor. He also sug- 
gested that a less dangerous anesthetic than ether be used. 

Mann and his associates have shown that the hyperglycemia which 
occurs after ether anestlfesia is the result of a loss of glycogen from 
the liver. Mann has also shown that ether decreases secretion of bile 
and depresses other hepatic functions, notably the formation of urea.. 

From another standpoint, Bourne’s experiments have shown that 
when inhalation anesthetics, even such safe ones as nitrous oxide and 
ethylene, are administered without adequate oxygenation the experi- 
mental animals suffer an impairment of hepatic function which requires 
several days to overcome. Shaw, Steele and Lamb ^ have shown in 
recent elaborate studies on ether anesthesia the existence of anoxic 
anemia and have suggested that oxygen be administered coincidentally 
with the anesthetic to secure a normal oxygen saturation of the arterial 
blood. The work of Goldschmidt, Ravdin and Lucke ® is to the same 
purpose. By volatilizing the anesthetic with oxygen they were able 
largely to prevent the necrotizing effect on the hepatic cells usually pro- 
duced by such an agent as chloroform or divinyl ether. They also 
found that a high carbohydrate diet before operation had much the same 
effect. Their theory, based on experimental evidence, is that the improve- 
ment which occurs in the portal circulation’ as the result of inadequate 
oxygenation may play, an important part in the result. This would be 
in line with Judd’s idea, which we have mentioned in our earlier com- 
munications, that hepatic dysfunction is associated with defective oxy- 
genation of the blood. 

It must be remembered that these normal patients,, even though 
they are not formally prepared for operation, do undergo a period 
of starvation or semistarvation, sometimes for as long as twelve or 
fourteen hours. The work of C. S. Stone, which we mentioned in 
our first paper on the Quick test, is applicable here. Working with 
partially hepatectomized rats which had been fed a high carbohydrate 
diet, he found that if the animals were killed when the stomach was fu 
the glycogen leA'^el was high, whereas if they were killed when the stomac i 

J. L.; Steele, B. F., and Lamb, C. A.; Effect of Anesthesia on the 
Blood Oxygen, Arch. Surg. 35:1-10 (July) 1937. 

6. Goldschmidt, S.; Ravdin, I. S., and Lucke, B.: Anesthesia and Live 

Damage: I. The Protective Action of Oxygen Against the A^^crotizing 
of Certain Anesthetics on the Liver, J. Pharmacol. & Exper. Therap. 

(Jan.) 1936. 
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was empty the hepatic glycogen values were low. The early experiments 
of Whipple and his associates on hepatic damage produced by chloro- 
form showed that the full effect of the anesthetic on the liver could 
not be felt unless the animals were starved before its administration. 
In recent (unpublished) experiments of our own we have duplicated 
these findings and have been impressed with the prompter and more 
extensive damage produced in the liver when the chloroform was given 
to starved animals. Unquestionably the administration of the anesthetic 
after the period of starvation plays some part in the drop in hepatic 
function after operation. 

It is a striking fact that although the patients operated on under 
spinal analgesia showed the highest initial values — all of them were 
young, vigorous men — they also showed the greatest postoperative 
fall, 49 per cent. For most of them the operation performed was 
hernioplasty, which does not involve extensive exposure of the abdominal 
contents, or appendectomy through a McBurney incision, of which the 
same may be said. 

There are many explanations for this drop, some of them probable, 
some of them purely speculative. It is reasonable to assume that the 
fall in blood pressure which is known to occur with spinal analgesia 
may result in a decreased oxygen supply to the liver. If this is so, 
it is entirely possible that the postoperative decrease in hepatic function 
is at least partly due to an anoxemia, exactly as with inhalation anes- 
thesia, in connection with which we have already pointed out the results 
of inadequate oxygenation. 

Another explanation of the postoperative drop after spinal analgesia 
is perhaps found in the fact that the drugs used to secure it, like the 
drugs used to secure local analgesia, are largely eliminated in the liver. 
He 3 ’’d noted that anesthetics given by rectum or by colon are eliminated 
in the same way ; he warned against using them and adding further 
insults to the liver when hepatic damage is known or suspected to 
exist. He too stated that nitrous oxide or ethylene with the addition 
of very small amounts of ether is the safest of all anesthetics. 

The dangerous possibilities inherent in spinal analgesia have long 
been realized, and our findings in this test make those risks doubly 
impressive. A recent study b}' Veal and V*an Werden ’ from Charit}' 
Hospital ma}' be quoted in this connection. In a stud}' of 30 fatalities 
directly attributable to spinal analgesia they found that 19 of the 
deaths occurred in the presence of such abdominal conditions as intestinal 
obstruction, peritonitis, gunshot wounds, hepatic abscess and cholecystitis. 

7. Veal, J. R., and Van Werden, B. deK. : Mortality of Spinal AnalRcsia 
Based on an .Analysis of Thirty Immediate Fatalities in a Series of .13.R11 Case.'. 
Am. J. Snrg. 34:606-610 (Dec.l 1936. 
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These are all conditions in the presence of which it is not unreasonable 
to postulate some degree of hepatic damage, particularly when one recalls 
the advanced stage of illness at which many patients are seen. We have 
no tests on these patients to prove our point, but it is not unreasonable 
to assume that the fall in hepatic function after the administration of 
the spinal analgesia may have had something to do with the fatal 
outcome. 

In a recent study of 715 cases of acute intestinal obstruction from 
Charity Hospital ® we found further indirect proof of the possible 
effect of spinal analgesia on the liver. In 9 of these cases hepatic damage 
was apparent as the only cause of death, and 6 of the 9 patients had had 
spinal analgesia. We have no tests to prove the point, but it is per- 
missible to draw attention to what may be a coincidence but may also 
be a cause and effect relation. We suggest that the same fall in hepatic 
function noted in healthy subjects after operation and withstood by them 
might have occurred with disastrous results in patients with intestinal 
obstruction whose livers were already damaged — ^there is no doubt 
of that damage in certain cases of obstruction. All these patients died 
promptly, with hyperpyrexia or with uremic symptoms typical of “liver 
death” or the “liver-kidney syndrome.” Whether or not our presump- 
tions are sound, we are certainly justified in saying that spinal analgesia 
is not the safe anesthetic it is usually supposed to be. If ethylene 
could give the proper relaxation it would seem to be the safest anesthetic 
of all. We have had no experience with cyclopropane, but in view of 
the high admixture of oxygen which it permits, it would also seem a 
very safe agent. 

It is regrettable that the Quick test is not applicable to patients 
with intestinal obstruction, for it should furnish some interesting results. 
Such patients, of course, cannot safely be given fluids by mouth, nor 
can they be deprived of fluids by other routes for the period necessary 
to the test. Del Rosso ® reported 7 cases of intestinal obstruction studied 
by the rose bengal test, in all of which there was a high retention of 
the dye, and we regret that we cannot duplicate his studies with the 
Quick test. 

In connection with our studies in anesthesia we report an interesting 
case: 

A young and vigorous man, 18 years old, was operated on in July 1937 for 
an indirect inguinal hernia on the left side. It was causing no symptoms, but 

8. Boyce, F. F., and McFetridge, E. M.: Acute Intestinal Obstruction, 
South. Surgeon 6:109-125 (April) 1937. 

9. del Rosso, L. M. : La funzionalita epatica, nell’occlusione intestinale acuta, 
studiata con il rosa bengala (Contributo clinico e sperimentale), Policlinico (sez. 
chir.) 40:224-236 (April) 1933. 
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he had been refused admission to a CCC camp until it was corrected. The 
routine tests and the urea clearance test gave normal values. Operation was 
done under ethylene anesthesia and took forty minutes. The preoperative 
hepatic function was 3.726; on the first day after the operation it was 2.801 
and on the fourteenth 3.222. 

The patient was readmitted to the hospital at the end of September with a 
story of several recurrent attacks of appendicitis during the interval. We were 
not aware of the readmission, and the Quick test was ordered by the intern 
without our knowledge, because, as he told us, the man had so many com- 
plaints he thought he would furnish him with something to complain about. It 
was well that he had this inspiration, for the studies on this patient were most 
interesting. The value on admission was practically what it had been on his 
discharge ten weeks before, 3.205. Appendectomy was done with the patient 
under ether anesthesia, through a right rectus incision, and took forty-five 
minutes; the appendix was retrocecal and contained one fecalith. On the first 
day after the operation the patient was perfectly well ; he had not vomited ; 
there was no distention; the temperature, the pulse rate and the respiratory rate 
were within normal limits, but the hepatic function value had fallen to 1.891. On the 
fifth day it had risen to 2.449 and on the seventh to 3.022. The marked difference 
between the values revealed by the Quick test after the use of different anes- 
thetics and after different procedures is so obvious as to need no comment. 

Another interesting problem is furnished by an 80 year old patient 
who was submitted to hernioplasty and orchidectomy. Routine laboratory 
tests showed normal values, as did the urea clearance test, and the 
Quick test showed a reading of 2.9. In spite of the excellent hepatic 
function, we suggested that because of the patient’s age ethylene be used 
for the operation. On the first day after the operation the Quick 
test was 2.035, and it had reached only 2.434 on the seventh. It is 
interesting to speculate what the postoperative drop might have been 
for this aged subject had ether or spinal anesthesia been used. 

The lesson to be derived from these observations is clear. Even 
elective operations on sound subjects result in an impairment of hepatic 
function, against which it might be well to guard by such simple 
measures as the oral administration of carbohydrates, particularly 
dextrose, before and immediately after operation. We have previously 
quoted the work of Althausen to show the efficacy of de.xtrose 
administered by this route. It seems particular!}' wise to do this as a 
matter of routine because of the occasional une.xpected death whicii 
follows even elective operations on supposedly sound persons. A recent 
death in our own service illustrates this point : 

A Negress aged 19 was operated on under etber anesthesia for recurrent 
appendicitis. Tiie appendi.x was retrocecal and rather difficult to remove. It 
was noted that the patient did not recover well from the anesthetic, remaining 
drowsy and listless most of the day. The following morning she seemed better, 
but thirty-one hours after operation the temperature began to rise, and she 
died six hours later, with an axillary temperature of 105.0 F. She did not rc^ivind 
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to infusions of dextrose. Permission for autops3' was refused, but there was no 
clinical evidence of shock, hemorrhage or anj-tliing else to explain why she died. 
Perhaps a preoperative study of the hepatic function might have revealed an 
unexpected deficiency, and steps could have been taken to guard against the 
catastrophe. 

Some o£ the other cases (some 40 in all) which we have studied by 
this test are set forth in table 2 and need only casual comment. Not 
much work, so far as we can determine, has been done with hepatic func- 
tion tests in cases of splenic disease. Greene and his associates, who 
used the dye test, considered it of value in relation to the severity of 
cirrhotic changes in the liver and therefore of some value prognostically 
and diagnostically. Most of the other tests the)’- employed gave nega- 
tive results, and they considered the bilirubin test of value as an index 
rather of the severity of the hemolytic process than of hepatic 
impairment. 

In both cases of carcinoma of the pancreas reported by Quick, 
the hepatic function was less than 50 per cent of normal. In all our 
6 cases the function was reduced, in some instances to 20 per cent or 
less of normal values. One case (case 6) bears out our repeated con- 
tention of the value of dextrose. We reported the patient safe for opera- 
tion, and after intensive preoperative preparation with both oral and 
intravenous use of dextrose, cholecystenterostomy was performed, from 
which, in spite of his age (70 years), he made an excellent recovery. 
Dextrose therapy was continued intensively for eight days after opera- 
tion, and the hepatic function was actually higher on the seventh day 
after the operation than it had been before operation. Both subsequent 
tests showed a considerable drop, unquestionably, we believe, because 
the intensive dextrose therapy was withdrawn and the full eftect 
of the operation was felt. 

The single case of benign pancreatic disease (case 11) is also inter- 
esting, but unfortunately operation was done before we began to use the 
test serially, and our studies are therefore inadequate. The patient, 
a Negro aged 51, was a poor surgical risk. The preoperative value 
for hepatic function was 1.437. Intensive dextrose therapy was given 
in preparation, and cholecystgastrostomy was done with the patient 
under ethylene anesthesia, for what was considered to be carcinoma of 
the head of the pancreas. The diagnosis was made chiefly on the basis 
of the stony hardness of the growth, although the absence of gioss 
metastasis was commented on and was explained by the character o 
the disease observed at autops3^ 

The patient’s postoperative condition was never anything but hope^ 
less, but it was a matter of extreme interest to us to study his iirmar) 
function in connection with the influence of decholin sodium (so lum 



Table 2. — Various Diseases 


No. 

Race 

Sex 

Age 

Diagnosis 

Quick Test 

Comment 

1 

White 

Female 

31 

Banti's disease 

3.02j 

Preoperative 






3.7JS 

After splenectomy, 4tli and Cth 
days 






3.f43 

Intensive dextrose therapy 

2 

White 

Male 

22 

Banti’s disease 

I.ICS 

Preoperative 






2.424 

After splenectomy, 1st, 2d, 3d 






3.1S0 

and Sth days; intensive dc.vtrose 






2.4 

therapy, withdrawn 5th day 

3 

White 

Male 

49 

Banti’s disease 

2.129 

Preoperntive 






1.32.'i 

After splenectomy, 7th and 14th 






2.0SS 

days, after dextrose had been 
discontinued 

4 

White 

Male 

Cl 

Tuberculosis of 

2.474 

Preoperative 





spleen 

0.77S 

0.935 

After exploration, 1st, 2d, 3d, 
7th and 14th days 


1.-1G2 

i.7ri2 

1.S37 


5 

White 

Male 

71 

Carcinoma of head 
of pancreas 

1.70S 

1.94 

Preoperative; icteric index CC.C; 
transfusion 

Fourteen days after cholecyst- 
gastrostomy 

G 

Megro 

Male 

70 

Carcinoma of head 
of pancreas 

2.4G9 

2.72 

2!on 

1.491 

Preoperntive: icteric index 100: 
dextrose preparation 
-After cholecystgastrostomy, 7th 
lOth and 14th days: dextrose 
withdrawn 9th day 

7 

White 

Male 

04 

Carcinoma of head 
of pancreas 

1.174 

0.429 

1.222 

Operation refused: patient left 
hospital: icterus index ICO 

Return C weeks later 

Fourteen days later; daily 
dextrose infusions: autopsy 
confirmed diagnosis 

S 

White 

Female 

45 

Carelnoma of liead 
of pancreas 

0.490 

Inoperable; icterus index 111 

% 

0 

Negro 

.Male 

(2 

Carcinoma of lioae? 
of pancreas 

0.73C 

Operation rcfu.sed; icterus 
index ICO 

10 

White 

Male 

j4 

Carcinoma of liead 
of pancreas 

2.413 

Clinical diagnosis; operation 
refused 

11 

White 

Female 

C9 

Carcinoma of liead 
of pancreas 

0.C3G 

Refused operation; icterus 
index 125 

12 

Negro 

Male 

51 

Cystic disca'^e of 
pancreas 

1.437 

0.S12 

Preoperntive: icterus index 100 
Nineteen days after cholecyst- 
gastrostomy; liver-kidney death 
10 days later; repeated improve- 
ment in uremic symptoms after 
decholin therapy 

13 

Wliite 

.Male 

CO 

Gastric carcinoma 

2 2?C 

Hepatic metastasis; exploration 

14 

White 

Male 

Cl 

Gastric carcinoma 

2..:ni 

Hepatic metastasis: explora- 
tion: sudden death (embolic -i 

23 days after operation 

15 

Wliltc 

Male 

49 

Carcinoma of 
rectum 

0G1.7 

1.407 

0.r.l4 

1.017 

Preoperntive 
-After preparation 

Ist day after colostomy 

3d day after colostomy 
.Inundlce; ieteni' Index ICiO 

Tlirec weeks ante mortem; 
autopsy refused 

1C. 

White 

T( male 

03 

Diabetes 

2.Ci2 

-After stnblllrallon 

IT 

White 

Female 

C3 

Dlabiti s 

i.4r*^ 

2.172 

Blood sugar 205 
ytablliration lepim 

1^ 

White 

Male 

:i 

2d degree lairn', 
small area 

2.r/a 

3 

Three days after admission 
Tnenty-eighl days ;.-iter 



Table 2. — Various Diseases — Continued 


No. 

Race 

Sex 

Age 

Diagnosis 

Quick Test 

Comment 

19 

White 

Female 

47 

2d degree burns. 

1.90S 

Three days after admission 





one fourth bodj- 

2.192 

Four days later 





area 

2.791 

Three months later 

20 

Negro 

Male 

4S 

Multiple myeloma 

1.S17 







1.430 


21 

White 

Female 

44 

Cardiac disease 

2.S33 

Compensated 

22 

White 

Male 

2S 

Malaria 

3.3CS 

After treatment 

23 

White 

Male 

20 

Urethritis 

3.754 


24 

Negro 

Female 

19 

Siclde cell anemia 

2.011 







1.SS9 

Tn'O weeks later 

25 

White 

Female 

40 

Dyspepsia of unde 
termined origin 

2.540 

1.930 

Fourteen days after explora- 
tion under ether; negative 
findings 

26 

White 

Female 

69 

Dermoid cyst of 

2.193 






neck 

1.990 

Fourteen days after removal 
under ethj’lene, operation lasted 







2 hours 

27 

White 

Female 

2S 

Salpingitis 

3.C15 



dehydrocholate) on his hepatic function. The urea content of the blood 
rose steadily, reaching 88 mg. per hundred cubic centimeters just before 
his death, but again and again when it rose to abnormally high levels and 
uremic symptoms appeared, injections of decholin reduced it and 
eliminated the symptoms temporarily. He finally died on the twenty-fifth 
day after operation with progressive anuria. Autopsy showed cystic 
disease of the pancreas, associated with a marked degeneration of the 
liver. In our study of the Quick test for patients with biliary disease 
we have discussed at length the relation between urinary output and 
hepatic dysfunction, and it is unfortunate that we did not make repeated 
tests in this case. On the other hand, the second test, performed 
fourteen days after operation and eleven da)^s before death, showed 
much impaired hepatic function (0.812). 

One of the 2 cases of carcinoma of the rectum (not listed) deserves 
special comment. The patient was studied at intervals for, two months, 
dui'ing which time biopsy of material taken from the rectum was done, 
colostomy was performed and exploration was made in the hope that 
resection of the growth might be possible. All the operations were done 
with the patient under ether anesthesia. The initial hepatic function I'alue 
was 3.140, and it was interesting to observe the fall and rise after each 
operation. Particularly notable was the fall of SO per cent aftei the 
first operation, in which biopsy of material from the rectum was done 
but postoperative dextrose therapy was not given, as compared witi 
the fall of only 28 per cent after the second, in wdiich colostomy was 
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done and intensive postoperative dextrose therapy was instituted. The 
patient died three months after the third operation, and autopsy, which 
revealed the liver entirely free from metastasis, explained why the 
hepatic function had remained unimpaired. 

Bargen and his associates studied by the dye test 116 cases of 
carcinoma of the colon and rectum, in which ascites was not present. 
In half the cases the presence of hepatic metastaseg, which they had 
suspected clinically, was confirmed b)' the evidence of hepatic impair- 
ment furnished by this test. In the other cases, although the liver 
was not palpable, the impaired hepatic function revealed by the test 
was confirmed at operation when the surgeon found the liver riddled 
with metastases. The direct van den Bergh reaction did not occur con- 
stantly enough in this series to be of diagnostic value. Bargen suggested 
that in the occasional case a test of hepatic function may reveal 
unsuspected metastasis and spare the patient a useless and perhaps lethal 
exploration. We are not yet sufficiently convinced of the accurac)- 
of the Quick test, or of any other, to direct our therapy by its results. 

We have studied hepatic function by the Quick method in 4 cases 
of burns. In this type of case one is handicapped by the fact that the 
most serious!}' injured persons, in whom most extensive hepatic damage 
would be likely to occur, cannot safely be deprived of fluids for the 
period necessary for the test. All of these burns were of moderate 
degree, but for all patients the initial test showed lowered values, the 
readings ranging from 2.601 for the least extensive to 0.890 for tlie 
most extensive injury. The last mentioned case (not listed) is worth 
reporting. The test was repeated at intervals. over a period of twenty- 
eight days while the patient was recuperating from the burn. Conva- 
lescence was satisfactory, but on only one occasion did the value rise 
to 2.663 ; the rest of the time it did not rise above 1.8. On the twenty- 
eighth day she suddenly showed acute altdominal symptoms, for which 
operation was .done ten hours later, after a diagnosis of jnescntcric 
thrombosis had been made. Extensive resection of the small bowel was 
necessary. After a brief period of remarkable improvement she grew 
rapidly worse. She died on the tenth day after the operation. .•Xutojisy 
showed localized peritonitis, which perhaps was sufficient to explain her 
death. On the other hand, degenerative changes were present in the 
liver, and the markedly impaired hepatic function may have played 
some part in the fatal result. 

We have used the test in so few cases of pregnancy that we are 
unprepared to comment on it personally except to say that if the nitrogen 
retention in the blood is high, as it was in 2 of onr cases, the Quick te-t 
must be interpreted with this fact in mind. Kohlstaedt and Uelmer 
used the test in 5 cases of to.xemia of pregnanev and fonnfl the vahie- 
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generally low. Hirscheimer used it for 25 patients and found that even 
normal pregnant women showed an impairment of function near term. 
Toxic patients showed a more marked drop. In most cases normal 
values were reached during the puerperium. His findings corroborated 
the studies of Sullivan, Tew and Watson, he noted, with the bilirubin 
and dye tests. He pointed out also that the dietary treatment usually 
given for the toxemias of pregnancy may increase instead of improve 
the hepatic impairment and suggested as a substitute the intensive use 
of aminoacetic acid. 

Of the miscellaneous cases we have studied, only 1 (not listed) is. 
worth special comment. A Negress aged 45 was sent to us from 
the gynecologic service for the investigation of a mammary tumor fol- 
lowing hysterectomy, convalescence from which had included a rupture 
of the wound, with resuture. The initial reading was 0.698, and as she 
refused further surgical treatment we have no other report on her. This 
case is to be compared with one reported in our first paper, on the group 
of patients submitted to operations on the biliary tract. This patient, 
a man aged 36, made an excellent recovery from cholecystectomy for 
chronic cholecystitis, except that he had a persistent cough. His hepatic 
function was 3.205 before operation and 2.400 on the seventh day after 
the operation. On the tenth day he suffered a rupture of the wound 
with extensive evisceration ; resuture under local analgesia was done 
fourteen hours later. The hepatic function three days after the second 
operation had fallen to 1.726, though it was practically normal again 
when he was discharged. It will be interesting to study other cases 
of evisceration, to determine whether such lowered readings are acci- 
dental or are constantly associated with this complication. If they are, 
they may explain some of the deaths which follow it. 

Kohlstaedt and Helmer suggested the Quick test as a method of 
evaluating the possible risk of the therapeutic use of such hepatotoxic 
drugs as arsphenamine. The incidence of jaundice in patients treated 
by this method, they pointed out, has been shown by Wile and Sams 
to be 1.3 per cent, against an incidence of 0.18 per cent in untreated 
patients. We have no complete studies on patients with this sort 
of condition, nor have we any on patients with arsenic poisoning, 
such as Heyd described. In support of his idea that retained arsenic 
may be a factor in hepatic degeneration he mentioned 3 patients in whom 
the condition was identified within a relatively brief period at the 
Postgraduate Hospital, all admitted for nonbiliary disease. The figures 
of Vogel, which he cited, showed an excess of arsenic in the secretion;- 
of 34 of 40 jaundiced patients; 9 of the 34 patients died. Heyds 
theory is that the wide use of arsenic as an insecticide and in the 
dyeing and textile trades, as well as the presence of minute quantities 



B OYCE-McFETRIDGE—HEPA TIC FUNCTION 


455 


in cooking utensils and city dust, ‘makes this possibility not as fantastic 
as it sounds. The Quick test might be of value in suspected cases of 
this sort. 

SUMMARY 

The results of the Quick hippuric acid test for hepatic function 
have been analyzed in a series of presumably normal subjects on whom 
simple elective operations were done, various types of anesthesia being 
used. 

In all cases there was a marked drop in hepatic function after 
operation, the impairment being most marked with spinal analgesia and 
least marked with ethylene anesthesia. 

The possible causes of this postoperative drop are discussed, and 
the wisdom of preparing all patients for operation, regardless of how 
normal they may seem and how simple the procedure may be, is pointed 
out. 

The results of the test in a miscellaneous group of cases, including 
cases of intestinal obstruction, of splenic disease, of malignant tumor 
of the rectum, of pancreatic disease and of burns, are discussed. 

Other possible uses of the Quick test are suggested. 



TREATMENT OF INTRACTABLE BRONCHIAL ASTHMA 
BY BILATERAL RESECTION OF THE POS- 
TERIOR PULMONARY PLEXUS 


WILLIAM FRANCIS RIENHOFF Jr., M.D. 

AND 

LESLIE N. GAY, M.D. 

BALTurORE 

Although it is relatively small, there exists a group of patients 
afflicted with typical hronchial seizures which are unamenable to 
medicinal therapy. It is to the amelioration of these attacks in such 
patients that our attention has been drawn. Only cases of unquestion- 
able bronchial asthma have been selected, and only patients totally 
incapacitated ph3'sicall3^ have been subjected to operation. The rationale 
of the procedure of bilateral resection of the posterior pulmonary plexus 
is based on the anatomic fact that onty at this point can the extrinsic 
nerve supply of the lung be completely interrupted. The preganglionic 
efferent fibers of both the vagus and the . sympathetic bronchomotor 
tracts from the same and contralateral sides, together with the sensory 
or afferent fibers emerging from the lung, form a rather limited anas- 
tomosing plexus on the posterior surface of the hilus of the lung. By 
resection of this plexus it is therefore possible to isolate the entire organ 
from any influence brought to bear on the lung through its extrinsic 
nerve suppty. Pltysiologic observations made both in the past and 
recently have shown beyond question that bronchoconstrictor fibers are 
distributed mainly in the branches of the vagus nerve to the lung of the 
same side and that of the opposite side and to some extent accompany 
the sympathetic fibers. Sensor3'- fibers from the lung, whose ganglions 
are to be found mainly in the ganglion nodosum, run principally in the 
vagi but also to some extent in the S3anpathetic trunks. By various 
experimental methods of stimulation of the proximal .and distal ends of 
the divided vagi and sympathetic trunks as well as of. the intact nerves, 
pronounced narrowing of the air passages of the lungs has been pro- 
duced. Further reference to this will be made.^ 

From the Surgical and Medical Clinics of the Johns Hopkins Universit}'.^ 

1. Longet, F. A.: Anatomie und Physiologie des Nervensj'stems es 
Alenschen und der Wirbeltiere, translated by J. A. Hein, Leipzig, Brockhaus • 
Avenarius, 1849, p. 247. Volkmann; Nervenphysiologie, Handworterb. d. Physio. 
2:586, 1844. Riegel, F,, and Edinger, L, : Experimentelle Untersuchungen zur 

(Footnote coniifiued on next page) 
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The selection of patients for this method of treatment depends on 
the severit)'^ and frequency of the asthmatic seizures. Therefore, a most 
careful diagnostic survey is essential, and less radical measures should 
first be carried out in an attempt to relieve the patient. 

Those of our patients for whom this method of treatment was used 
had been under observation in the asthma clinic of the Johns Hopkins 
Hospital for many months. They were thoroughl)" examined for causes 
of asthma, and when a suspected cause was discovered effort to relieve 
the patient was made by administration of the appropriate treatment. All 
foci of infection were removed ; the patient was frequently hospitalized 
to tide him over a period of violent asthmatic paroxysms, and when 
such treatment was indicated specific antigens were given subcutaneously 
in an attempt to desensitize the patient to the offending agent. Only in 
cases in which it was felt that the recurring severe and prolonged 
asthmatic attacks might cause the death of the patient did we recommend 
operative intervention. 

This report covers the treatment of 1 1 patients who were repeatedly 
in a condition of status asthmaticus before operation and wbo were con- 
sequently economically and socially completely incapacitated. The first 
patient was operated on in March 1934 and the last in March 1936. Our 
observations cover a maximum period of three years and nine months 
and a minimum period of one year and nine months. Five additional 
patients have been operated on since March 1936, 3 of whom at the 
time of writing have remained completely well for one year and 2 of 
whom remain improved after a shorter period. However, it is felt 
that the period of observation in their cases is not long enough to permit 
the drawing- of definite conclusions. No deaths which could be attributed 
to the operative procedure have occurred. 

OPER.-\TIVE TECHXIC 

The patient is placed on the operating table in tbe semiprone position, 
and the side to be operated on is elevated b}' means of a sand bag placed 
beneath the anterior thoracic region. Tbe arm is allowed to fall to the 
side and is loosely fixed at the table edge. After the skin has been 
prepared by careful cleansing with ether, a 3.5 per cent solution of iodine 

Lchre vom Asthma, Ztschr. f. klin. ^Icd. 5:413, 1882. Einthoven, W. : Ucbcr <i!c 
Wirkung dcr Bronchialmuskeln, nach cincr ncucn Mcthode untcrsiicht. end u1)cr 
.'\sthma nervosum, Arch. f. d. ges. Physiol. 51:367, 1891. Beer, T. : Ucbcr den 
Einfiuss dcr peripherem Vagusreizung auf die Lunge. .\rch. i. Physiol., 18^2. 
supp., p. 101. Di.xon. W. E., and Brodie, T. G. : Contributions to the Physiolo-jy 
of the Lungs: I. The Bronchial Muscles, L Physiol. 29:97, 1903. M'cbcr. E. : 
Xcuc Untersuchungen fiber expcrimcntclle Asthma tmd fiber die Innervation d-, r 
Bronchialmuskeln, .\rch. f. Ph\siol., 1914, p. 63. 



458 ARCHIVES OF SURGERY 



Fig. 1. — Resection of the posterior pulmonary plexus on the right side, show- 
ing incision and exposure of the posterior aspect of the hiius of the right lung. 



Fig. 2. — Resection of the posterior pulmonar 3 ' plexus on the left side. e 
incision is carried down through the skin into muscle. Note the exposure o t 
vagus nerve and the posterior aspect of the hiius of the left lung. 
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is applied. This is removed with alcohol ; the operative field is isolated 
in the usual manner by proper draping, and an incision is made in the 
interscapular region. The incision is begun on a level with the spinous 
process of the first thoracic vertebra, about 8 cm. below the upper 
border of the trapezius muscle and approximately 6 cm. lateral to the 
midline. It is continued downward and somewhat laterally to just below 
the angle of the scapula. The concavity of the incision faces lateral- 
ward and is in a general way parallel to the vertebral border of the 
scapula. The incision is similar to that used in the operation of posterior 
thoracoplasty but is not quite as long. The skin and subcutaneous tissue 
having been divided, the fascia covering the trapezius muscle is incised, 
and the fibers of the latter arc divided directly over the fourth inter- 
space on the right side and over the fifth on the left. In a similar 
manner the fibers of the rhomboid major muscle are also cut across. 
The incision is then continued down through the intercostal muscles, 
midway between the corresponding ribs so as to avoid the intercostal 
vessels and nerve. The pleural cavity is opened, and a self-retaining 
retractor is placed between the ribs in order to separate these sufficiently 
to expose the posterior surface of the hilus of the lung. As a rule, an 
intercostal incision of approximately 12 cm. will give sufficient exposure. 
It is true that the ribs are more closely approximated posteriori}-, but 
even so they may be sufficiently separated. If not. one rib may be 
divided by means of rib shears. It has not been found necessary to 
resect a rib. In only a small percentage of cases have adhesions between 
the visceral and the parietal pleura been present, and such adhesions 
have always been easily dissected apart. Once the pleural cavity is 
opened, the posterior surface of the primary bronchi is exposed. .\ 
slight anatomic difference exists on the two sides. On the right side 
it has been found helpful to locate primarily the azygos vein, imme- 
diately inferior to which may be found the right primary bronchus. Tlic 
vagus nerve is then discovered by incising the mediastinal pleura just 
cephalad to the azygos vein. It is important to locate the nerve at this 
point, for either just above or at the same level as the vein (or not infre- 
quently even directly posterior) a rather large branch departs from the 
vagus and runs along the upper posterior border of the right inilmonarv 
artery. The right vagus is then further exposed and n]obilize<l from 
above the azygos vein in tlic posterior part of the mediastinum to a 
point below that at which the branches to the esophageal plexus depiart. 
This point is well below or caudal to the hilus of the lung, but these 
branches to the esophageal plexus should be divided. The fibers ntmiing 
from the vagus and sympathetic trunks to the homolatcral lung and tln- 
contralatefal lung arc thus re.adily and easily exposed, so th.'it rcMCtion 
of at least I cm. of each of the nerve fibers m.a}- be accomjilislird. 1: 
is of the utmost importance to sever all of the bra)iches of the j 
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pulmonary plexus not only to the same side but to the opposite side, 
for, as will be pointed out, this plexus contains the bronchoconstrictor 
fibers of both the vagus and the sympathetic trunk. The main trunk of 
the vagus should be handled as delicately as possible, so as to produce 
the minimum amount of trauma and therefore the least interference 
with function. For the sake of thoroughness it has become our custom 
to remove all areolar tissue from and around the bronchi and vessels-in 
order to divide any unnoticed fibers which might course directly to or 
from the sympathetic trunk. In this manner the lung may be com- 
pletely denervated. By elevation of the intratracheal pressure to 1 5 mm. 
of mercury the lung may be reexpanded and the air forced out of the 
pleural cavity. The ribs are then reapproximated with pericostal sutures 
of braided silk, and the muscles and fascia are sutured with interrupted 
stitches of fine silk. The skin is closed with interrupted fine silk sutures. 

After two weeks the procedure is repeated on the left side, the only 
difference being that better exposure of the posterior surface of the 
hilus may be olDtained by placing the intercostal incision one interspace 
lower on the left side, that is, in the fifth interspace. The vagus trunk 
will be found coursing over the transverse arch of the thoracic aorta, 
and the departure of the left recurrent or inferior laryngeal nerve may 
be observed just under the arch. The main trunk of the left vagus 
from this point down to that at which the first branch to the esophageal 
plexus is given off should then be freely mobilized and the fibers enter- 
ing into the formation of the posterior pulmonary plexus exposed. As 
has been stated, resection rather than simple division of this plexus must 
be carried out, not only on the fibers running to the same side but also 
on those running to the contralateral side. The inferior or recurrent 
laryngeal nerve should be carefully avoided, for handling or even slight 
traction on this branch will produce temporary paralysis of the left vocal 
cord, resulting not only in transient aphonia but in some difficulties of 
breathing and deglutition. Such a complication produces an unfavorable 
psychic effect on the patient. In other respects the operative technic 
for the two sides is identical. The operation may be performed m a 
short time with no loss of blood, and in our series of cases it has been 
unattended by shock. There have been no postoperative complications 
after the procedure. The anesthetic employed has been either nitrous 
oxide and oxygen or cyclopropane, and a tight-fitting mask rather than 
an intratracheal tube has been used. Two-tenths gram of sodium amytal 
or pentobarbital sodium has been administered by mouth on the night 
and early morning preceding the operation. There have been no respira- 
tory complications. In 3 cases after primary denervation of the le t 
lung the right vagus trunk was divided deep in the neck, just below 
the point at which the recurrent laryngeal nerve is given off. After t is 
procedure there was abdominal distention, lasting from forty-eight to 



RIENHOFF-GAY— INTRACTABLE BRONCHIAL ASTHMA 461 


niiict3’-six hours, which was attriiuitcd to interference with the left vagus 
trunk as a result of handling. There was also, of course, complete loss 
of function of the right vagus caused by section. This type of proce- 
dure on the right side is not comparable to resection of the posterior 
pulmonary plexus from the standpoint of thorough denervation of the 
lung, because bronchoconstrictor fibers from the right vagus are given 
off high in the neck and course down the right sympathetic trunk ; in the 
region of the second and third thoracic sympathetic ganglions they leave 
this trunk and join the posterior pulmonary plexus. With our patients, 
although there has been marked improvement as to both the frequency 
and the severity of the asthmatic attacks, there has been some persistence 
of mild and infrequent attack's. In the near future complete denervation 
of the right lung will be performed in such cases with the hope of com- 
pletely eliminating the attacks. Procedures falling short of complete 
denervation of the lung by bilateral resection of the posterior pulmonary 
plexus are inadequate. 

POSTOPERATIVE COURSE 

Generally speaking, in all cases in which bilateral resection of the 
posterior pulmonary plexus has been performed the postoperative con- 
valescence has been uneventful. The following exception should be 
noted: One patient, an elderly Negro, died several weeks after the 
second stage had been completed. The patient had suflfered for years 
from asthmatic seizures associated with a high degree of arteriosclerosis, 
h3'pertension and some chronic m3'ocardial change. He died suddenly 
after a cerebral hemorrhage unassociated in ainf way with the operation 
and after his asthmatic attacks had disappeared completely. Nothing 
abnormal was discovered in the heart, the lungs or the pleural cavit3' at 
autopsy. For the remaining patients the postoperative course was 
remarkably uniform, almost stereot3'ped. After the effects of the anes- 
thetic had worn off following the completion of the first stage, the 
patient still had attacks of asthma. These attacks occurred almost 
as frequently as before but were far less severe, and much less epineph- 
rine was required to bring about a subsidence of the seizure. One 
Moo grain ( 0.6 mg.) of atropine would alwa}'s bring about amelioration 
of an attack after the completion of the first stage of the operation. 
This has been considered of definite significance because of the well 
known paralyzing effect of atropine on the vagus nerve. In a larger 
series of cases the beneficial preoperative effects of atropine may furnish 
data that will prove helpful in selecting for operation only those patients 
with whom the condition is primaril3' neurogenic. On ph3'sical exami- 
nation after the completion of the first stage it was discovered that 
most of the signs of bronchoconstriction were confined to the side of 
the chest on Avhich no operation had been performed, and that probably 
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the sibilant, piping and squeaking rales audible on the surgically treated 
side were transmitted. A partial pneumothorax as a contributing factor 
in the production of these phenomena was excluded by a roentgenogram 
of the chest. During these unilateral asthmatic attacks the production 
of sputum was definitely reduced. No disturbance of respiration, either 
in rate or in rhythm, could be obseiwed. After the second operation 
the frequency of the asthmatic attacks was generally much less, and 
there was an even more pronounced reduction in the severity of the 
attacks and their duration. In some patients the attacks ceased entirely. 
In the early weeks of reconvalescence the amount of sputum expelled 
was scanty compared to the copious amount produced before operation. 
One of the most striking results of the denervation was the disappear- 
ance of emphysema, which was present preoperatively in all cases. This 
was determined primarily by auscultatory findings and also by roent- 
genograms. The depth of respiration was greater after operation, while 
the rate decreased. In other words, the patients’ respiratory mechanism 
more nearly approximated the normal. Unquestionably a great deal 
of the inspiratory and expiratory stridor caused by spasm of the bron- 
chocon stricter muscles as well as by excessive secretion of the bronchial 
glands could be explained on the basis of previous overactivity of the 
vagus nerve. Likewise, interference with the function of the vagi 
would relieve the patient of these difficulties provided such an aberrance 
of function were the underlying cause. This sequence of events, there- 
fore, would seem to suggest that in the type of case dealt with in this 
series overactivity of the autonomic nervous system and particularly 
of the vagi played the major role in producing the attacks of paroxysmal 
respiratory dyspnea termed asthma. That there may have been some 
other factor or factors, such as infection or allergy, which furnished 
the immediate cause of the attack cannot be gainsaid in our present 
state of knowledge, but that removal of the influence of the extrinsic 
nerves was greatly beneficial in the majority of our cases and curative 
in some cannot be denied. 

LATE RESULTS 

A continuous follow-up study of these cases has been carried out, 
and for certain patients the postoperative convalescence as well as the 
subsequent clinical course has varied to some extent. These variations 
are noted here to emphasize the complexity and multiplicity of the fac- 
tors producing such paroxysmal attacks of respiratory distress and to 
suggest that although the original causative factor has been removed, 
nevertheless in some cases in which the condition is of long standing the 
pathologic sequelae of these attacks may of themselves produce 
paroxysmal respiratoiy distui-bances similar to the original asthmatic 
injuries. 
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Of tlic 10 patients discharged from the hospital, 1 was entirely unim- 
Itrovcd ; 1 improved for three months, finally succumbing to what seemed 
to be cardiac failure (this case will be discussed at greater length) ; 4 are 
completely well at the time of writing, having been free of attacks since 
operation or a short time later, and are able to resume their former 
work ; 4 have occasional mild attacks of asthma, all of which are amen- 
able to control by means of small doses of ephedrine. 

The patient in whose condition tlierc was no improvement after the operation 
was a poorly nourished Negro aged 56. He had chronic syphilis. He had been 
given antisyphilitic treatment for some time, but in spite of this aortitis had 
developed, resulting in insufficiency of the aortic valves. Whether or not this 
condition had any bearing on the continuation of his attacks of respiratory 
difficulty after operation is debatable, but it is at least within the realm of 
possibility that attacks of bronchial asthma superimposed on preexisting damage 
to the heart might have such a deleterious effect on the cardiac mechanism and 
consequently on the pulmonary circulation as to cause attacks of paroxysmal 
dyspnea almost indistinguishable from true bronchial asthma. However, the result 
in this case must be considered complete failure. 

The second patient in whose case therapy failed was an engineer, referred 
to us by Dr. M. B. Cohen of Cleveland. The patient had been completely inca- 
.pacitated before operation. His preoperative condition was almost one of status 
asthmaticus; he was confined, of course, to his bed and was forced to remain 
in the sitting posture practically the entire twenty-four hours. He had been 
studied most carefully in several clinics, and the condition was found to be 
unamenable to all forms of medicinal therapy. In spite of large doses of 
epinephrine administered daily for a number of years, the clinical course of 
his asthma had been continuously more severe. A copious amount of sputum was 
coughed up in the twenty-four hours, and there was pronounced emphysema. The 
patient was operated on, the posterior pulmonary plexus of one side being 
resected. After this procedure the asthmatic attacks were greatly reduced in 
severity as well as in frequency, and the amount of sputum was definitely 
diminished. For the first time the patient could sleep in the recumbent posture, 
and breathing was without effort. One afternoon the patient was asleep, breath- 
ing easily and normally. He was awakened by one of us, who talked on general 
subjects for some time. There was no disturbance in the respirations of the 
patient until he was informed that operation would be performed on the other 
side the next morning. In less than five minutes he was seized with a severe 
attack of asthma. After completion of the second stage of the operation, the 
patient was much improved for three months, during which time he was up 
and about and was considering a return to work. The sputum was reduced in 
amount, and the emphysema disappeared almost entirely. However, after three 
months paroxysmal attacks of respiratory distress recurred and the patient suc- 
cumbed some months later to what appeared to be cardiac failure. 

The interesting points to be noted in this case would seem to be : 
(1) the psychogenic factor in production of an attack, observed between 
the first and the second operation; (2) the prompt and pronounced 
reduction in the amount of sputum and the striking disappearance of 
the emphysema, suggesting that overactivity of the vagi played a major 
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role in the production of these respiratory attacks; and (3) relief from 
the asthmatic attacks for a period of three months, followed by eventual 
death from myocardial insufficiency, suggesting at least the possibility 
that the terminal attack of respiratory difficulty might have been 
partly or even entirely due to congestive cardiac failure. Thus a ter- 
minal pathologic condition probably produced by asthmatic attacks aris- 
ing from another and specific cause might in itself be responsible for 
a continuation of these clinically similar seizures. It is not at all impos- 
sible that in a patient who is afflicted with a reactive or labile psychic 
and autonomic nervous system secondary pathologic changes can be 
indirectly produced, which may eventually prove fatal. Frequent exam- 
ples of this may be cited; Raynaud’s disease; instances of fatal angina 
pectoris ; so-called neurogenic bronchial asthma ; and anaphylactic shock. 
Smooth muscle spasm, as noted in an entire finger which is blanched 
from angiospasm as in Raynaud’s disease, would har^e a different effect 
if the left coronary artery were involved or if the smooth bronchial 
musculature were affected. 

Of the 4 patients who are completely well at the time of writing, 
only 2 were relieved at once after the operation on the second side. The 
remaining 2 were much improved immediately after the surgical resec- 
tion of the posterior pulmonary plexus, but several months intervened 
before complete disappearance of the attacks. With the remaining 4, 
whose condition is vastly improved but who cannot be classified as 
completely well, this delayed or gradual disappearance of the asthmatic 
seizures may be taking place, and eventually they may entirely recover 
from the attacks. 

COMMENT 

The rationale of the operative resection of the posterior pulmonary 
plexus is based on the fact that the extrinsic nerve supply of the lungs 
consists of two entirely independent tracts, which have been demon- 
strated by dissection.- These tracts on account of their anatomic loca- 
tion and course have been termed the vagus, or bulbar motor lung, tract 
and the sympathetic, or spinal motor lung, tract, respectively. The 
preganglionic bulbar bronchomotor fibers arise in the dorsal vagus 
nucleus. From this point of origin they run in the vagus nerve trunk 
without interruption through the cervical and thoracic portions until 
they reach the region of the hilus of the lung. At this point they depart 
from the main trunk of the vagus by numerous small branches, mainly 
to the same but also to the opposite side or lung. Thus these branches 
form a part of the posterior pulmonary plexus on either side and end 
in the ganglions situated along the posterior surface of the mam or 

2. M^llgaard, H. ; Studien fiber das respiratorische Nervensystem bei den 
Wirbeltieren, Skandinav. Arch. f. Physiol. 26:315, 1912. 
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primary bronchi. From llic.sc ganglions the postganglionic fibers are 
distributed through the lung to the bronchial musculature. In addition, 
the vagus nerve forms anastomoses with that of the opposite side not 
only in the cervical region hut also directly beneath the root of the 
lung, as well as in the esophageal plexus. Once the fibers from the 
parent trunk have entered that of the opposite side, the greater number 
of them pass upward and are distributed to the lung of the correspond- 
ing side and that of the opposite side. Chiefly, the fibers between the 
vagi pass over in the first anastomosis. 

According to all physiologic observations, the vagus in the human 
lung carries or contains mainly hronchoconstrictor nerve fibers. In 
certain animals, particular!}' the cat, the vagus carries bronchodilator 
as well as hronchoconstrictor fibers, but even in this animal the latter 
predominate. Stimulation of the distal end of the cut vagus in man 
and in animals produces bronchoconstriction of the same side and to a 
less extent of the opposite side. In addition to the anatomic proof, 
therefore, there is physiologic evidence of the crossed or bilateral inner- 
vation of the lungs through the vagi. 

As shown b)’ Iwama ’ in experiments on the cat, the vagus nerve 
gives off in the cervical region anastomosing fibers to the sympathetic 
trunk of the same and the contralateral side. In the trunk these fibers 
course superiorly as well as inferiorly, so that both the right and the 
left sympathetic trunk in the neck and chest contain nerve fibers from 
the right as well as the left A^agus nerA^e trunk. In the same manner 
sympathetic nerve fibers from the cervical sympathetic trunks of the 
same and the contralateral side are distributed to the vagi. Thus the 
A^agus and sympathetic nerve trunks are composed of not only sympa- 
thetic but also parasympathetic nerve fibers. 

The peripheral dissemination of the spinal fibers Avhich run in the 
S3fmpathetic trunk is not clearly known. In fact, there is no morpho- 
logic evidence of a spinal bronchomotor. tract, but the results of physio- 
logic experiments make it impossible to doubt the existence of such 
a tract. From the foregoing description of the frequent anastomoses 
betAveen the vagus and the sympathetic trunk in both their cervical and 
their thoracic portions it is at once evident that not only in man but 
in animals used for experimental purposes, that is, the dog and the cat, 
there exists a vagosympathetic trunk; therefore, the possibility of the 
error of stimulating the parasympathetic trunk is evident. Although 
to a less extent compared to the vagi, the sympathetic fibers make a 

3. Iwama, Y. : Untersuchung fiber die pen'pbere Bahn des Nervus A-agus : 

1- Die markhaltigen Fasern des rechtsen Vagus, Folia anat. japon. 3:215, 1925; 
II. Ueber den gegenseitigen Austausch der markhaltigen Nervernfasern der 
beiderseitigen Vagi am Brustteil, ibid. 3:281, 1925; III. Die markhaltigen Fasern 
des linken Vagus, ibid. 6:129, 1928. 
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definite contribution to the formation of the posterior pulmonary plexus. 
Unquestionably, afferent as well as efferent fibers are contained in these 
nerves running between the sympathetic trunks and the posterior pul- 
• monary plexuses. There are probably sensory fibers accompanying the 
bronchomotor fibers in the vagus nerve also, but just as the broncho- 
constrictor fibers predominate in the vagus, it seems likely that the 
sensory and bronchodilator fibers course mainly in the sympathetic trunk. 
The cells of origin of the vagus sensory tract, as is well known, lie in 
the ganglion nodosum, to which run fibers from the trachea and the 
lungs. Stimulation of the central trunk of the cut vagus or the intact 
vagus incites reflex narrowing or constriction of the bronchi. 

M^llgaard “ has shown that in the second and third thoracic spinal 
sympathetic ganglions lie cells which apparently send off sensory fibers 
to the lungs. Central stimulation of the superior cardiac nerve, the 
ansa of Vieussens or the superior thoracic nerve also produces bronchial 
constriction. 

From these anatomic as well as physiologic observations, it seems 
logical to state that there is a dual nerve supply to each lung, the anatomic 
course of which is through the vagus and also through the sympathetic 
trunks. The preponderance of the fibers is to be found in the vagi, 
which undoubtedly supply mainly the bronchoconstrictor fibers to the 
lung of the same side and that of the opposite side. Owing to frequent 
anastomoses with the sympathetic trunks, it seems likely that these carry 
similar fibers. The presence of bronchodilator fibers in the human being 
has not been proved, but if they are present they would seem to be 
much overshadowed by the constrictor fibers. The theory that the action 
of the sympathetic and that of the vagal fibers are antagonistic is also 
without foundation. That both trunks carry sensory fibers has been 
definitely shown, and that the majority run in the vagus trunk would 
seem to be firmly established. 

Dysfunction or imbalance . of this autonomic nervous system, 
although poorly understood, is now generally recognized as a genenc 
term which covers a multitude of clinical manifestations, depending 
entirely on the organ or organs innervated by-ihe two extrinsic nervous 
systems. It would seem that this disturbance of the normally evenly 
balanced action of the sympathetic and parasympathetic systems may 
be localized to one or more organs and may or may not affect the entire 
body. There is an abundance of clinical evidence to support this state- 
ment, that is (1) Raynaud’s disease, in which the arterioles of the 
hands and feet are chiefly affected; (2) the various forms of functional 
cardiac arhythmia, such as paroxysmal tachycardia and premature sys- 
toles; (3) a small group of cases of essential hypertension; (4) ? diffuse 
goiter with severe hyperthyroidism, or exophthalmic goiter; (5) probably 
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some forms of migraine and minor cephalalgia, (6) many disturbances 
of the gastrointestinal tract, varying from cardiospasm, pylorospasm 
and spastic colon to Hirschsprung’s disease; and (7) local dysfunction 
of the ureters and the bladder. All of these are but a few examples of 
pathologic disturbances which are either transient or prolonged evidence 
of an embarrassment or inequality of the normally symphonious action of 
these two antagonistic components of the vegetative nervous system. 
The lungs or the upper portion of the respirator)' tract may be the site 
of this form of distiu'bed innervation. The clinical signs and symptoms 
evolved depend, of course, on the function of the organ or tissues so 
innervated and on the type of patient afflicted. As a rule, the psycho- 
biologic reaction of the patient is far more labile than normal. Thei'e 
is, therefore, a psychogenic factor to be dealt with in all such cases of 
imbalance of the autonomic nervous system. 

There are, as ever)' experienced clinician is well aware, many cases 
of coryza, rhinorrhea, sneezing, nocturnal choking spells, globus hysteri- 
cus, atypical hay fever, various forms of hyperpnea, even dyspnea and 
finally attacks of so-called nervous or neurogenic asthma in which the 
pathologic condition is unquestionably due to functional disturbances 
of the autonomic nerve supply to a part or the whole of the respiratory 
tract and is not based on, but may be associated with, an allergic reac- 
tion or infection. It was to patients suffering from almost continuous 
attacks of asthma or status asthinaticus and totally incapacitated as a 
I'esult of this malady that our attention was directed. After a long period 
of study and treatment in the asthma clinic of the Johns Hopkins Hos- 
pital, this condition has been given up as hopeless from the standpoint 
of medicinal therapy and referred for surgical treatment as a last resort. 
It is felt desirable to report this actually small but relatively large group 
of cases at this time because about four years has now elapsed since 
the first operation was performed. Unquestionably there are many 
causes of bronchial asthma, and, as would be expected, the literature 
on this subject is voluminous. One of the most outstanding monographs 
is that of Alexander, which affords a detailed discussion of the causes 
and effects of this malady. It seems likely that the mechanism involved 
in the production of an asthmatic attack is unquestionably a narrowing 
of the bronchial tube with a subsequent increase in the resistance to 
the free inflow and outflow of air. This state of stagnation of ventila- 
tion indirectly produces changes in the blood gases and results in dyspnea 
of a greater or lesser degree, depending on the extent of occlusion of 
the bronchial tree. This occlusion may be considered as largely and in 
its simplest terms due to ; firsts spasm of the bronchoconstriction mus- 
cles; second, edematous swelling of the mucous membranes of the 
smaller bronchioles ; third, increase in the amount and viscidity cf the 
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secretion of the bronchial glands. In all instances of bronchial asthmatic 
attacks the three aforementioned factors probably play a major role, 
in spite of the additional etiologic factor or factors which may be 
involved in the production of such attacks. In many cases the asthmatic 
attacks can be explained directly on an allergic basis or indirectly on 
an, infectious one. In some, however, when the former two causes have 
been eliminated the attacks can be ascribed only to a disturbance in the 
function of the autonomic or extrinsic nerve supply to the lung. The 
resultant effect on the bronchoconstrictor muscles, as well as the 
increased activity of the mucous membrane with its concomitant edema, 
and also the altered character and increased amount of the bronchial 
secretion produce a narrowing of the airways, causing associated dysp- 
nea and other physical symptoms. The mechanism of production of an 
asthmatic seizure may be at least markedly influenced by the extrinsic 
nerve supply to the lung. 

Doubtless in the majority of cases an important psychogenic factor 
is associated with a definite imbalance in the extrinsic nerve supply to 
the lungs. Along with this rather labile psychoneurogenic mechanism 
there may or may not be present a concomitant allergic or infectious 
element that plays a role of greater or less importance in the precipita- 
tion of attacks of asthma. In all probability such attacks of paroxysmal 
dyspnea associated with generalized bronchoconstriction and bronchor- 
rhea and called asthmatic attacks are caused by many different etiologic 
factors. In some the psychoneurogenic element predominates, while 
in others infection or allergy plays the major role. In all, however, 
there is a large nervous element. The discovery of an allergic basis 
for attacks of bronchial asthma and their relief by medicinal measures 
form one of the most brilliant advances in therapeutic knowledge in 
the last few decades. However, although large, the group of patients 
with allergic asthma is far from all-inclusive, excluding as it were all 
of those persons in whom the psychoneurogenic or infectious element 
or both might be considered causative. Unfortunately for the latter 
patients, numerous different forms of therapeutic measures have been 
resorted to, and in- spite of medicinal treatment the attacks continue 
unabated. 

After medicinal methods had been exhausted in a futile attempt to 
alleviate the attacks for this most unfortunate group of patients, other 
forms of therapy w^ere resorted to, such as high voltage roentgen ther- 
apy, injection of alcohol into the sympathetic trunk on one side and 
numerous operative procedures. For an excellent review of the man} 
and bizarre operations which have been devised, performed and e\au 
ated from the postoperative results, the splendid article by Phillips an 
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Scott should be referred to. The failure of surgical treatment in 
the majority of cases of bronchial asthma in the past as well as the 
mediocre results obtained in the remainder, or minority, of cases may, 
it would appear, be attributed to the fact that the operations have been 
entirely inadequate. In some only the sympathetic trunk on one side 
has been severed; in others only one vagus trunk has been severed; 
in a very few a unilateral excision of the posterior pulmonary plexus 
has been performed. The course of the fibers composing the posterior 
pulmonary plexus makes it mandatory to perform a meticulous bilateral 
resection of the latter in order to isolate the lung completely from its 
extrinsic nerve supply. An}' procedure short of this will be inadequate. 
It necessarily follows that the postoperative results will correspond 
directly to the degree of completeness with which the operation is car- 
ried out. The posterior aspect of the hilus is the only point at which 
all the efferent and afferent fibers composing the extrinsic nerve supply 
to the lung can be interrupted. It seems likely that because of this 
fact the operative results in the series of cases reported on here have 
been better than any of those reported in the past. 

The ideal result, that is, complete cure, will of course be confined 
to cases in which the attacks of asthma are entirely psychoneurogenic 
and are not of many years’ duration. An operation of this type can 
relieve only bronchoconstriction, edema of the mucosa and bronchorrhea 
which is vagal in origin. The greater the role played by allergy or 
infection, the greater the departure will be from this ideal result. On 
the other hand, even if a complete cure cannot be obtained, relief in 
varying degrees may be given. This not only will result in an infinitely 
more comfortable life for the patient and make it possible for him to 
return to work, but (a fact of greater importance) may remove the 
strain from an already overtaxed heart. When secondary pathologic 
changes have been wrought over a period of years and irreparable dam- 
age has been done to the heart muscle, attacks of paroxysmal dyspnea, 
cardiac in origin, may supervene even though the true asthmatic seizures 
have disappeared or have been very much subdued. When this occurs, 
the patient, as a rule, dies from circulatory failure of the pulmonary 
system, due in the main to myocardial weakness. For these reasons 
careful cardiovascular surveys should be made before a patient afflicted 
with paroxysmal attacks of dyspnea is subjected to an operative pro- 
cedure of this type. On the other hand, a patient incapacitated from 
asthmatic attacks of unknown cause should be so operated on, not only 
because the operation may restore him to normal health but also because 
it may at least alleviate the attacks sufficiently to prevent further damage 
to the cardiovascular system. 

4. Phillips, E. W., and Scott, W. J. ; Surgical Treatment of Bronchial 
•Asthma, .'\rch. Surg, 19:1425 (Dec., pt. 2) 1929. 



BEHAVIOR OF JOINT CARTILAGE IN 
LATE RICKETS 

CONTRIBUTION TO THE QUESTION OF ATROPHY OF CARTILAGE 
ERNST FREUND, M.D. 

LOS ANGELES 

Considerable work has been done to clarify the morphologic changes 
of the zones of enchondral growth in patients with rickets, and hardly 
anything new can be added. However, investigators doing such work- 
have paid little attention to the behavior of joint cartilage, although one 
might think that a number of biologic questions concerning joint cartilage 
might be answered by such study. I mean, especially, the still debated 
question of the importance of enchondral ossification of joint cartilage 
for the growth of the epiphyses, and also the question whether simple 
atrophy of cartilage may occur. It is clear that simple rickets as it 
occurs in earliest childhood can hardly be of use for the study of joint 
cartilage, because the cartilage has not fully developed; the thick- 
cartilage cap still completely surrounds the bony epiphysis. On the other 
hand, reports of careful anatomic examinations of patients with late 
rickets, in whom the joint cartilage is of more mature development, are 
rare; and even the best works on the subject, by Looser^ and by 
Schmorl,^ do not mention changes in the joint cartilages. I recently 
finished an article ® on the roentgenologic and histologic changes observed 
in 3 cases of severe late rickets, and I have observed certain alterations 
in the joint cartilages which I consider worthy of separate mention. 

I shall first give a short report on the 3 cases in which the condition 
was observed at autopsy during the World War, collected at the Cit} 
Hospital of Vienna. 

Case 1. — A IS year old girl had extreme deformities of all the extremities. The 
body length was only 87 cm. The patient had had rickets from childhood an a 
never walked. She had never attended school and was mentally retarded. _ 
had scorbutic bloody suffusions of the lower extremities and gingivitis suppuratna 
with gangrene of the lower lip and the gum. 

Case 2. — A 22 year old woman of infantile habitus had gummatous 
ostitis of the skull and also syphilitic saddle nose. The body length was 1 - cm 

From the Orthopedic Department, College of Medical Evangelists. 

1. Lposer, E. : Mitt. a. d. Grenzgeb. d. Med. u. Chir. 18:678, 1908, en 
Ztschr. f. Chir. 152:210, 1920. 

2. Schmorl, G. : Deutsches Arch. f. klin. Med. 85:174, 1903. 

3. Freund, E. : On Three Cases of Late Rickets, Am. J- Roentgeno ., 
published. 
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There were severe rachitic deformities of the spine and the extremities. Scurvy 
was present. The patient died of Spanish influenza. 

C.ASE 3 . — A 25 year old woman, an imbecile, underdeveloped and of infantile 
habitus, 126 cm. in body length, was supposedly normal until the age of 14. Late 
rickets was present ; the patient could not sit or walk. Death was caused by 
pulmonary tuberculosis. 

It is questionable whether one ma)' expect to find specific rachitic 
changes in the joint cartilages. It is well known that the degree of 
alteration of cartilage in rickets depends on the inherent rapidity of 
enchondral ossification, which varies with different parts of the body. 
This explains the fact that a patient in whom considerable changes are 
observable at the costochondral junction may have no signs of rickets 
at a slowly growing epiphysial plate, for instance, the lower end of the 
humerus. It is well known, further, that rachitic changes appear only 
at the diaphysial side of the cartilage plate, which is the site of enchondral 
ossification, while the epiphysial side, owing to the inactivity of enchon- 
dral ossification, usually presents no rachitic signs. As far as enchondral 
ossification is concerned, the joint cartilage behaves similarly in many 
ways to the epiphysial side of the cartilage plate, which means that it 
presents little activity; and for this reason alone one must be prepared 
for failui'e to discover rachitic changes in the joint cartilage. However, 
it is logical to conclude that the enchondral ossification of joint cartilage 
represents the only possibility of enlargement of the bony portion of the 
epiphysis, and severe rickets, which leaves its marks on all the epiphysial 
plates of the body — and in most of the cases of late rickets obseiwed 
during the war the condition was severe — will hardly leave the joint 
cartilage unaltered. 

As a matter of fact, in the various joints which I examined I 
observed pictures which varied from the approximately normal, as in the 
elbow joints of the patient in case 1, to severe and unusual pathologic 
change, as in the knee joint of the patient in case 3. But even in the 
most severely affected joints the principal pathologic process could 
hardly be interpreted as rachitic ; the changes were nonspecific and were 
due to atrophy. Even so, however, they were of considerable interest 
and were certainly related to the existing rachitic process. 

The question has often been discussed whether joint cartilage, as a 
bradytrophic organ in which the number of cells once the cartilage has 
reached structural maturity remains more or less constant, can undergo 
atrophy, which means diminution of its cells, in the same way as other 
organs do. 

SIMPLE ATROPHY OF JOIXT CARTIL.\GE 

IMuller ■* in his book on the biology of the joints, stated that 
even in the most advanced forms of bony atrophy the joint carti- 


4. Miiller, W. : Biologic der Gelenke, Leipzig, Johann .A.mbrosiiis Barth, 1929. 
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lages do not show changes in the number of cells. I, however, feel that 
the discussion about atrophy of cartilage is much ado about a pseudo- 
problem. There is no doubt that joint cartilage can undergo atrophy 
just as does the underl3dng bone, and any one who has examined a 
number of senile joints will confirm this. Pommer’s idea that bony 
atrophy in its simplest form results from a prevalence of physiologic 
absorption of bone over apposition of bone can also be applied to joint 
cartilage. Joint cartilage under physiologic use shows constant wearing 
off of cells and ground substance at its superficial layers. To compensate 
for the loss, the cartilage cells or cell groups in the deeper layers and at 
the margins of the joint cartilage proliferate. Under normal circum- 
stances such proliferation is not a very active process, and it is hardly 
recogni2able microscopically in adults. Its existence has been denied 
by some investigators because of lack of histologic evidence, and a form 
of amitotic division of the superficial cartilage cells has been assumed 
to compensate for the wear. Be this as it may, atrophy of joint cartilage 
must ensue as soon as the compensatory proliferation fails to keep pace 
with the wearing off of the upper layer. Such atrophy occurs in asso- 
ciation with many forms of degenerative arthritis or in cases in which 
there is absorption of joint cartilage under a fibrous tissue pannus. In 
such cases thinning of the joint cartilage occurs by resorption or loss of 
cartilage from above, and the result is atrophy of joint cartilage. 


ATROPHY FROM DISUSE 

Another characteristic form of cartilage atrophy is that caused by 
disuse. Joint cartilage needs function for its preservation. It will 
slowly disappear when it is put out of action. Absorption takes place 
from the margins of the joint and from the bone marrow, and especially 
at the marginal portions of the joint surface which have lost normal con- 
tact with the antagonistic end of the joint, as in articular contracture. I 
recently reported ® on the histologic changes of joint cartilage during 
infraphysiologic use and stressed their importance for the development 
of the final shape of the ends of the joint in cases in which disuse sets 
in at an early age. If disuse of a joint takes place in an adult, especialh 
for extra-articular reasons, then the subchondral hard substances, the 
bony lamina and the calcified joint cartilage will disappear first, nsua } 
by osteoclastic absorption, and later a slow, smooth absorption of joint 
cartilage can be observed which may gradually lead to complete isap 
pearance of the cartilage. Such pictures are not rare for paralyze^ 
senile joints with or without deformity and especially in the proxinw 
fragment in case of nonunion of fracture of the neck of the femur. 

5. Freund, E. ; loint Cartilage Under Infra-Ultra and Eupliysiologic Deni< 
Arch. Surg., to be published. 
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all such cases the atrophy of the joint cartilage corresponds to the bony 
atrophy of the joint ends ; it is onty a concomitant symptom of skeletal 
atrophy. 

The 3 patients with adult rickets mentioned in this paper showed 
atrophy of articular cartilage in both forms; there was absorption 
from above by a fibrous tissue pannus, but the thinning out of joint 
cartilage was principally caused by smooth absorption from below. 
Signs of enchondral ossification of the joint cartilage, which might have 
been expected in all the joints because of the presence of epiphysial 
plates in other regions of the body, were rarely seen in the more severely 
involved joints. Cartilage proliferation especially, which was so pro- 
nounced at the epiphysial plates even in the patients aged 22 and 25, in 
whom it had caused tumor-like accumulation of cartilage cells, was 
entirely absent in the joint cartilage. It is certain that rickets does not 
stimulate cartilage proliferation ; so even the tumor-like chondromatous 
masses at the metaphysial sides represent only accumulation of cartilage 
tissue which has formed during many years of retarded or absent enclion- 
di'al ossification. It is not a sign of overproduction of cartilage, but 
only a sign of the persisting proliferative phase of enchondral ossification 
(Avhich, as a whole, is probably considerably slower than normal, in 
accordance with the retarded growth and the general hypoplasia of the 
rachitic patient) and of the complete absence of the phase of ossification 
due to the lack of cartilage calcification. A noticeable accumulation of 
cartilage cells cannot be expected at the articular cartilage, the growth of 
which is physiologically very slow and in which absorption at the lower 
surface can easily keep pace with proliferation. 

ENCHONDRAL OSSIFICATION OF JOINT CARTILAGE 

One must also consider the fact that during normal epiphysial growth 
there is always a reduction of the thickness of the cartilaginous cap of 
the bony epiphysis. The reduction takes place by slow enchondral ossi- 
fication, which leads to the enlargement of the bony epiphysis. It is a 
well balanced process of proliferation and ossification of cartilage, the 
latter being slightly predominant. When epiphysial growth stops, the 
cartilage cap has been reduced to the normal thickness of joint cartilage. 
This means that thinning out of the cartilaginous cover of the bony 
epiphysis which occurs by means of normal absorption is a somewliat 
more rapid process than proliferation. Both processes are slowed down 
in cases of late rickets; proliferation of joint cartilage is at a complete 
standstill, but absorption from the marrow spaces continues. The result 
must be that the epiphysis does not show any increase in size, though 
the bony portion may be enlarged very slightly at the expense of the 
joint cartilage. The lack of proliferation of the joint cartilage is another 
proof of the fact that rickets does not stimulate growth of cartilage. 
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PHYSIOLOGIC NECROSIS OF CARTILAGE CELLS 

The most frequent histologic changes observed (fig, 1) were the 
following; The joint cartilage appeared rather thin but was mostly 
smooth on the surface. It usually permitted an easy differentiation into 
3 layers. The most superficial one, comprising approximately two fifths 
of the thickness, could be considered as a gliding layer with fusiform 
cells parallel to the joint surface. A good many of these cells were 
only shadows, necrotic, in the stage of “Verdammerung” (Schaffer ®) ; 
they contributed by their transformation to ground substance to the 
enlargement of the intercellular areas. This was a sign that the joint 



Fig. 1 (case 3). — Upper joint surface of the tibia, enlarged about 43 times, 
showing irregularity of the lower surface of the joint cartilage, which lacks a 
distinct zone of calcification and a subchondral bony lamina. There is a high degree 
of osteoporosis. Marrow spaces enter the noncalcified joint cartilage and replace 
it by fibrous tissue. The structure of the joint cartilage is immature. Enlargement 
of the cartilaginous cells has occurred in the lower half, with no increase of cellular 
proliferation. Note the infantile crisscross arrangement of cells in the upper ha 
of the joint cartilage. 

cartilage had not yet reached mature functional structure ; in most joints 
it had remained in an infantile stage and the differentiation of its cel s 
was deficient. The middle two fifths was characterized by relatitey 

6. Schaffer, J.: Lehrbuch der Histologic und Histogenese, ed. 3, Leipzig- 
Wilhelm Engelmann, 1933. 
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large cell cavities with proliferating cartilage cells, three to five in one 
cavity, with some clear bluish protoplasm which suggested the mucoid 
degeneration so frequently observed in older patients with degenerati^-e 
cartilage proliferation. There were neither cell capsules nor pericellular 
halos; the hyaline ground substance lacked normal basophilia and bor- 
dered on the cell cavities without any tinctorial differences. It gave the 
impression of little consistency, which was suggestive of edema of the 
cartilage. The number of degenerating cells was greater in this region 
than in the superficial layers, and the relatively wide intercellular spaces 
permitted the discerning almost” throughout of shadows of former carti- 
lage cells. The edema of the middle layer of joint cartilage, which some- 
times extended even into the superficial strata, made the cartilage appear 
of little mechanical resistance, which was contrary to a normal zone of 
passage between the superficial gliding layer and the deep pressure layer. 
The distribution of the cartilage cell groups was irregular; it was still 
more of the infantile crisscross arrangement and was far from being a 
functional structure with radial orientation of the cells, such as might 
have been expected from the relatively advanced age of the patients. 
The lowermost fifth was unusual. The cartilaginous ground substance in 
this region appeared darker and was evidently harder, and the cells 
formed small groups without proliferation and without elongation. This 
is remarkable because this deepest stratum of the pressure zone is usually 
during the years of skeletal growth the stratum showing the most active 
cellular proliferation. It is from this layer that replacement of the 
worn-off superficial cells takes place. Another surprising fact was that 
this layer was also the richest in necrotic cells. No special reason for 
this peculiar behavior could be discovered. It seemed, however, that 
although necrosis of cartilage cells and their transformation to hyaline 
ground substance are normal conditions in the period during which the 
joint cartilage acquires its mature functional structure, the number, of 
necrotic cells in the joint cartilages studied was unusually high. It may 
be that nutritional deficiency accounted for it. 

The manner in which the bone marrow bordered at the joint cartilage 
differed considerably from region to region. The patient in case 1, the 
youngest of the patients, showed a very irregular process of enchondral 
ossification with a deficient layer of calcification (fig. 2). Spots of 
calcified cartilage were sporadic and comprised only one layer of cartilage 
cells. There was no sharp line between the calcified and the uncalcified 
cartilage. Marrow spaces entered the cartilage with engorged vessels 
and ascended for a considerable distance into the noncalcified pressure 
layer (fig. 2). This was not according to a normal process of enchon- 
dral ossification ; it rather resembled pictures of degenerative arthritis, of 
which Pommer considered the invasion of noncalcified cartilage by mar- 
row spaces to be highly characteristic. In such cases it is the degenera- 
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tion of cartilage, especially the decrease in its elasticity, which fosters 
the invasion of marrow spaces as a reactive change from the side of 
bone marrow. It may be that similar alteration of the physical property 
of the articular cartilage takes place in cases of severe rickets, although 
the histologic evidence is relatively poor. However, the edema of hyaline 
ground substance and the frequent necrosis of cartilage cells suggest 
serious damage, to which the absorption by marrow spaces may be the 
direct response. 



Fig. 2 (case 1 ) . — Head of the femur of humerus, enlarged about 27 times. Note 
the typical rachitic changes in the subchondral zone and also the bony trabeculae, 
coarse and with wide osteoid layers. There is extensive osteoclastic bone absorp- 
tion. The zone of calcification is irregular and is interrupted in many places by 
marrow spaces which deeply invade the noncalcified joint cartilage. The jomt 
cartilage is without functional structure. There is beginning formation of inter- 
cellular territories in the lower half of the bone. 

In these cases cartilage became absorbed by bone marrow along a 
fairl)'' straight and sharp line more often than b}'" small marrow spaces 
(figs. 3 and 8) ; it was a form of smooth absorption of the noncalcified 
cartilage after complete rertioval of the subchondral hard substonces. 
Chondroclasts did not play an outstanding role in this form of absorp 
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tion; they were rather rare, and the disappearance of cartilage, if it 
was a cellular process at all, was maintained by mononuclear fibrocytes. 
In both instances, whether there were smaller mari'ow spaces ascending 
far into the noncalcified cartilage or whether there were large marrow 
sinuses bordering directly on the lower surface of the cartilage, the 
result was the same; Joint cartilage disappeared by a process of incom- 
plete absorption and not by enchondral ossification. This means that 
the collagenous fibers of the cartilaginous ground substance persisted in 
part, and after their liberation from the hyaline cement substance helped 



Fig. 3 (case 1). — Lower joint surface of the femur enlarged about 35 times. 
Note the smooth absorption of the joint cartilage from below and the formation 
of a subchondral zone of fibrous bone marrow and atrophic bony trabeculae. The.-e 
is complete lack of a zone of calcification and of subchondral bony lamina. The 
structure of the articular cartilage is immature : there are no signs of cellular 
proliferation. 

to form the subchondral bone marrow, which was typically loose fibrous 
tissue. It was possible in every instance to demonstrate how the fibrils 
of the bone marrow emerged directh'' into the hyaline ground substance, 
or, better, emerged from the cartilage and mingled with the fibers of 
the bone marrow. The joint cartilage disappeared without being replaced 
by bonj’ tissue. 
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PERSISTENCE OF CARTILAGINOUS CELLS 
The numerous marrow spaces along the lower surface of the joint 
cartilage often contained a number of isolated cartilage cells (fig. 4) or 
even smaller cell groups as the}^ temporarily escaped the cartilage absorp- 
tion. It seemed that the incomplete process of cartilage absorption often 
preserved not onl}'- the collagenous fibers which helped to form the 
subchondral fibrous bone marrow but also at least a part of the cartilage 
cells, which later, when the cell capsules had been dissolved, changed to 
fibrocytes and disappeared among the other cells of the bone marrow. 



Fig. 4 (case 1). — Head of the femur, enlarged about 100 times. Note the 
incomplete absorption of the joint cartilage from below. Not also the loose fibrous 
bone marrow dissolving the hyaline intercellular ground substance. There is 
preservation of collagenous fibers and temporarily of cartilage cells and cell groups. 
The cartilage cells change to fibrocytes after the cell capsules have" been disso \e 
Note the wide osteoid layers of the 8003 ”^ trabeculae. Many cartilage cells in tie 
stage of “Verdaimiierimg,” merely shadows, add to the widening of the interce u ar 
territories. 


FILLINGS OF CARTILAGINOUS DEFECTS 

Occasionally one noticed that some of the marrow spaces 
noncalcified cartilage had again become filled with a more pnmitne )p 
of cartilage which certainly originated from the isolated carti age ^ 
(fig. 5). Such secondary “fillings” of marrow spaces are not tinu- 
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in rib cartilages or in the hyaline cai'tilaginous plates of the interverte- 
bral disk ; they are also found in epiphysial plates and represent a change 
which is hard to classify as degenerative or reparative. They are 
extremely unusual in joint cartilages and were also rare in these cases of 
late rickets. Wherever they were observed the free surface of the 
joint cartilage was covered by a fibrous tissue pannus under which joint 
cartilage was absorbed along a rather sharp lacunar line, but with 
preservation of collagenous fibers and also of cartilage cells, which 
under proliferation changed to fibrocytes ; that is, another process of 
incomplete cartilage absorption was taking place on the upper surface 



Fig. 5 (case 1). — Head of the femur, enlarged about 37 times. Note the filling 
of fibrous marrow spaces at the site of the joint cartilage by jmung proliferating 
cartilage tissue. Note also the typical rachitic changes of the subchondral bone 
and the primitive structure of the joint cartilage. There is beginning absorption 
of the superficial layers by an avascular fibrous tissue pannus. Most of tile col- 
lagenous fibers derive from the hyaline cartilage itself, which by losing the hyaline 
chondromucoid cement substance exposes its collagenous fibers. 


of the joint cartilage. The loss of cartilage on both surfaces, by a 
fibrous tissue pannus from above and bj' marrow spaces from below, 
suggests that the fillings of new cartilage at the lower surface represent a 
compensation for the thinning out of the joint cartilage from above. 
In all other places — and thet’ are the majority — where there is only 
thinning from below, no attempt is made toward proliferation. 
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The loss of cartilage b}'- absorption from below was one of the out- 
standing features in the behavior of joint cartilage in my 3 cases of 
late rickets. As a rule there was no cellular proliferation connected with 
this process. It had nothing to do with enchondral ossification ; it was 
probably caused by an intrinsic physicochemical damage of the ground 
substance, by the inactivity of the joints, and as such it was a concomi- 
tant symptom of the severe atrophy of the skeleton. As has been 
mentioned, essentially the same type of atrophy of joint cartilage is 
frequently found in senile patients. For comparison I shall include an 
illustration of the broken head of a femur (fig. 6 and 7). The sub- 
chondral hard substances have disappeared almost entirely, and thickness 



Fig. 6. — Broken head of the femur, without union, enlarged Syi times. There is 
extreme bony atrophy with thinning of degenerated cartilage, mainly by smooth 
absorption from below. 


of the joint cartilage has been reduced to about half or even less by 
resorption from below. Thus far the picture is identical with that 
described for late rickets. It is, however, surprising to note bon much 
proliferative activity the senile joint cartilage displays, while in cases o 
late rickets there seems to be not the least effort to compensate foi t le 
loss. Of course, it cannot be denied that the proliferation associatec^ 
with senile atrophy may be solely degenerative; if so, it should not k 
considered as an attempt at regeneration. It frequently occurs seni e 
patients with degenerative arthritis without atrophic changes m 
subchondral zone. Whether it is called degenerative or 
proliferation, however, its effect is that joint cartilage ini a ec se\ 




PREUXD—JOIXT CARTILAGE IX LATE RICKETS 


4S1 


by absorption from below will remain intact for a much longer period 
than it would without cellular proliferation, and one still wonders why 
the joint cartilage in cases of late rickets yields so readily to absorption. 
Changes in the physicochemical properties are present with senile 
atrophy of cartilage as well as with late rickets : the two conditions 
have inactivity and bony atrophy in common ; and as far as regeneration 
is concerned, the patient with rickets should certainly possess more 
than the senile patient. -A-gain one is driven to the assumption of a 
more specific damage of joint cartilage by rickets, a fonu of paralysis 
of the tissue caused by the nutritional disorder. (The apparent prolif- 
eration of cartilage at the epiphysial plates does not speak against this 
assumption, because, first, the different cartilage tissues of the body 
lead individual existences : one mav be more active than another ; and 



Fig. 7. — Same section as in figxire 6, enlarged about 27 times. The zones of 
cartilage calcification and the subchondral bony lamina have disappeared almost 
entirely. There is smooth absorption of the cartilage by bone marrow. There 
IS proliferation of cartilage cell groups with erosion and fibrillation of the super- 
ficial cartilage layer. 


also it is most unlikely that the tumor-like enlargement of the epiphysial 
plates is caused by superactive cartilage proliferation. It may be merely 
the e-xpression of the lack of absorption of cartilage which has e.xisted 
for several years.) 

I feel, however, that there is still another factor wliich should be 
considered. There is no doubt that normal joint cartilage goes through a 
hard training during its many years of existence. This finds its morpho- 
logic expression in a highly mature functional structure which varies 
''ath the different types of joint. The high structural differentiation of 
the articular cartilages is usually taken as the main reason for the 
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lack of cartilage regeneration. Luboscli maintained that the high 
specificity of joint cartilage prevents further progressive development. 
This is certainly true, but the statement should not be taken as absolute 
proof that joint cartilage has not the power to regenerate. Mature hya- 
line cartilage is unable to produce cartilage tissue of like maturity to 
repair defects or injuries. All the regenerative phases are preceded by a 
backward development, in which the type of cartilage cells changes 
first to that of the fibrocytes, and then by further proliferation to a more 
primitive (fibrous) cartilaginous tissue. This inherent power to pro- 
liferate frequently can be observed in joint cartilage after all kinds of 
injuries. It may become manifest in senile patients when degenerative 
changes take place in the intercellular ground substance. It is a typical 
feature of degenerative and hypertrophic arthritis. It explains the 
considerable proliferation of the joint cartilage in the otherwise porotic 
fractured head of the femur. 

The general underdevelopment of these 3 patients with late rickets 
and the fact that the joints of the lower extremities in cases 2 and 3 .were 
hardly ever 'weight bearing suggest that the articular cartilages lacked 
special functional training and were not fit for survival. There was 
not enough vital force even for degenerative proliferation. The joint 
cartilages remained entirely passive and yielded to the absorption 
from below. 

Occasionally a more or less coherent stretch of bony trabeculae, 
parallel to the lower surface of joint cartilage, indicated its former 
lower level. An extensive part of the joint cartilage had disappeared, 
either by smooth absorption w'ithout formation of fibrous bone marrow 
in the subchondral zone or because of the presence of small marrow 
spaces which later became confluent. 

DISSECTION OF JOINT CARTILAGE BY ABSORPTION 

The absorption of joint cartilage from below was not seen in every 
case to attack the deepest cartilage layer exclusively. Marrow spaces 
could be seen extending to the sides within the noncalcified pressure 
layer of the joint cartilage, thus separating a strip of cartilage as if by 
dissection. Such strips, often in connection with atrophic bone, some- 
times persisted for some time, thus giving a landmark which showed how 
much of noncalcified cartilage had already become absorbed under e.xten- 
sion of the intracartilaginous marrow spaces. This was again a pic- 
ture similar to that observed with hypertrophic arthritis, ivitli which 
exostoses develop at the site of the joint cartilage. In this condition also 
the deepest layers of joint cartilage, especially the calcified layer, ma.v 
often persist in tonguelike form while the c.xostosis forms above tlicm 
by enchondral ossification of the joint cartilage. The main difference 
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between the two processes consists in the fact that in late rickets the 
joint cartilage is entirely passive and there is almost no osteogenesis 
at its previous site, while in hypertrophic arthritis it proliferates, thus 
causing displacement of the joint surface to a higher level. (Or, because 
the joint cavity represents only a fictitious space which does not permit 
the enlargement of the joint end toward or into the joint cavity, the 
convex joint end is gradually displaced from the articulation [sub- 
luxated] to the extent to which the joint ends enlarge by enchondral 
ossification of the cartilage.) One might feel especially on the basis of 
Poinmer’s investigations and interpretations, that the absorption of joint 
cartilage b}'" bone marrow is a sign of arthritis deformans. However, 
this would signif)^ an overemphasis of the histologic picture. I do not 
share Pommer’s conviction that the iiwasion of noncalcified joint carti- 
lage by marrow spaces is of pathognomonic importance; it occurs too 
often as an entirely nonspecific response of bone marrow to essentially 
different lesions of joint cartilage. Rather than with arthritis deformans 
(hypertrophic arthritis) I should correlate the smooth absorption of the 
articular cartilage in my cases to atrophic changes ; the numerous small 
marrow spaces doubtless resulted from incomplete cartilage absorption 
in atrophic arthritis. In such cases, in subacute and chronic stages 
there are typically rather vascularized marrow spaces in the lower layers 
of the joint cartilage; as a rule, however, bone formation at the former 
site of the joint cartilage does not ensue. This means that the simi- 
larity of the histologic pictures is merely external. In cases of atrophic 
arthritis and in my cases of rickets the joint cartilage is entirely passive 
and there is no enchondral ossification; simple substitution of cartilage 
by fibrous bone marrow takes place. With hypertrophic arthritis the 
joint cartilage proliferates and is replaced by bony tissue under enchon- 
dral ossification. There is rejuvenescence of articular cartilage in cases 
of hypertrophic arthritis, while in cases of atrophic arthritis and late 
rickets the cartilage is passive. 

In some regions in which there was dissecting absorption of joint 
cartilage, two zones of preparatory calcification could be seen, defective 
it is true, corresponding to the associated hypocalcemia, but present 
nevertheless, and parallel to each other; one (the older) bordering 
directly on the subchondral marrow spaces and the other forming the 
upper border of the dissecting marrow space. One might think that 
one dealt in these cases with the manifestation of a remission in the 
rachitic process, which often leads to the parallel arrangement of carti- 
lage calcification in the proliferated and widened epiphysial plates. Such 
an assumption, however, can easily be ruled out, because the strip of 
cartilage interposed between the two zones of calcification was free 
from cellular proliferation, that is, it did not represent a zone of carti- 
lage proliferation, and the two zones of calcification belonged to two 
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different processes of enchondral ossification, which were entirely inde- 
pendent from each other (figs. 8 and 9). However, the fact that 
there was a zone of preparatory calcification makes one think that most 
of the resorptive changes at the lower surface of the joint cartilage, 
atypical as they were, nevertheless were somehow related to the physio- 
logic enchondral ossification of the joint cartilage. They had become 
modified, often to such a degree that from a histologic standpoint they 
did not even suggest enchondral ossification. 

There is still the question why there should be dissecting absorption 
of joint cartilage if there js no enchondral ossification. As a reason 
may be advanced the assumption that the absorbing marrow sjiaces could 



Fig. 8 (case 2). — Cond)4e of the femur, enlarged about 18 times. This photo- 
micrograph is a good demonstration of loss of joint cartilage by smooth absorption 
from below. A series of bony trabeculae running parallel to the lower surface 
of the joint cartilage still indicates the level of the former subchondral hard sub- 
stances. The cartilage 3 delds b}' smooth absorption without formation of fibrous 
bone marrow. There is a marked degree of marantic atrophy of fattj" bone marrow. 


expand much more easily in the middle Ia3'er of the joint cartilage, where 
the intercellular ground substance is edematous and much softer and 
the cells showed more proliferation than in the deepest layer. 


FIBROUS TISSUE PAXNUS 

Owing to the complete inactivit}* of the joints, the discovert of a 
fibrous tissue pannus extending from the joint margin oyer the free 
surface of the joint was nothing unusual, and some of the joints re\ea ec 
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even partial obliteration of the joint space. A synovial pannus formed 
at the site of reflexion and firmly united the joint cartilages of both 
antagonists without visible alteration of the cartilage structure, producing 
fibrous ankylosis due to long-lasting inactivity. 

DEFORMATION OF JOINT SURFACE 

It is surprising that the extreme atrophy of the joint ends had not 
led in more frequent instances to deformation of the joint cartilage. 
There is no doubt that the undermined joint cartilage lacked solidity and 
could have been impressed easily bj' a relativel)’’ mild trauma. Only the 













Fig. 9 (case 2). — Condyle of the femur, enlarged about 27 times. Note the 
dissecting absorption of the joint cartilage and also the enlargement of marrow 
spaces within the lower half of the joint cartilage. The expansion of the marrow 
spaces follows primitive and irregular calcification of joint cartilage at a higher 
level than the true zone of cartilage calcification could be expected. The dark 
streaks through the cartilage are artificial and are caused by the unevenness of 
the section. There is absorption of the joint cartilage from above by a fibrous 
tissue pannus. 


lateral condyle of the femur in case 3 showed unevenness of the joint 
surface and an extensive callus formation of primitive fibrous osteoid 
m the subchondral zone. This suggested that a fracture had occurred 
through the extremely porotic bone, although there were no additional 
stoio^ic signs of fractured bony trabeculae. This fracture had also 
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drawn the joint cartilage into participation. The cartilage at the joint 
margin showed irregular fold formation, which was partly active, owing 
to cartilage proliferation and elevation of the joint surface, and partly 
passive, owing to the extreme osteoporosis of the epiphysis and the 
mechanical displacement of the joint cartilage toward the bone marrow. 
The folded joint cartilage lacked normal structure. It had lost hyaline 
ground substance to a considerable degree, while the cartilage cells 
showed more active proliferation than was observed in any other part of 
the various, joints. The picture changed thus by absorption of the 
hyaline cement substance from hyaline cartilage to fibrous cartilage and 
even to simple fibrous tissue. The proliferating cartilage cells reduced 
the intercellular septums of ground substance more and more to a 
rather regular network in the meshes of which lay the proliferated 
cartilage cells. The folded cartilage, despite its proliferation, was 
much thinned by smooth absorption from the bone marrow. Not fast- 
ened to the subchondral hard substances, the proliferating joint cartilage 
had a chance to expand to the sides as well as in height. (As long as 
joint cartilage is fixed by its calcified layer to the underlying bone, it 
can by proliferation increase only in thickness.) The increase in thick- 
ness was less noticeable because of the fact that there was constant 
and fairly active absorption from below. The expansion to the sides, 
however, led to the pleat formation as an adaptation to the disproportion 
between the size of the bony epiphysis and the enlarged cartilaginous 
cap. It is certainly remarkable that fold formation, such as I have seen 
in a number of different cases and even in the atrophic joints of senile 
persons, is such a rare observation in cases of late rickets. The almost 
complete inactivity of the joints, which keeps away the traumatic factor 
necessary for the passive form of fold formation on one side, and the 
lack of cartilage proliferation, which prevents the active form on the 
other, explain the rarity. 

The surface of the folded cartilage was covered by a rather dense 
fibrous tissue pannus with synovial endothelium. It was especiall} 
thick over the valleys of the folds, in which the fibrous tissue was 
looser and contained a few capillary vessels. This somewhat smoothed 
the unevenness of the surface. The cells of the superficial cartilage 
layers under the pannus showed widening of the cell cavities and activ- 
ity of the cartilage cells which changed to fibrocytes — Weichselbaum s 
lacunae. By confluence of several lacunae the joint cartilage changed to 
fibrous tissue. This was the third factor which led to thinning of joint 
cartilage. 

IXCOJrPLETE ABSORPTION OF CARTILAGE 

Another change of joint cartilage (fig. 10) should be mentioned- 
Almost the entire lower half of the thickness of the articular carti age 
had lost the hyaline character; most of the cement substance hac ci- 
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appeared, and the collagenous fiber bundles of the cartilage were clearly 
visible in almost straight perpendicular formations. Most of the carti- 
lage cells freed from the surrounding cement substance had made a 
retrogressive change and appeared as fibroblasts, many only as shadows 



Fig. 10 (case 1). — Head of the humerus, enlarged about 75 times. Note the 
fibrous degeneration of the lower half of the joint cartilage. Note also the 
necrosis of a great number of cartilage cells within the fibrous area and the even 
more general necrosis in the neighboring hyaline cartilage. 

but some having their spherical shapes intact. The picture was that of 
dense fibrous cartilage similar to a semilunar cartilage. This fibrous 
zone gradually blended into the more superficial layers, in the hyaline 
ground substance of which the collagenous fibers were firmly anchored. 
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A number of the freed cartilage cells proliferated and formed cellular 
areas. The superficial la3'ers showed an unusually large number of 
necrotic cells close to the borderline between fibrous and hyaline car- 
tilages. 

It is a question to what this most unusual change of Ityaline joint 
cartilage can be attributed. It certainly was not one of the more common 
damages of joint cartilage, caused b)^ ultraphysiologic pressure or by 
disuse. There was little to suggest a more severe trauma which might 
have caused a sudden and strong compression of the cartilage, although I 
have seen a similar picture in the fractured head of a femur,' and in 
that instance there was no doubt that a sudden compression, probably 
taking place at the moment when the fracture occurred, had altered 
the structure of the traumatized cartilage so severely that it appeared 
fibrous. The histologic picture could, again, suggest a nutritional defi- 
ciency of the joint cartilage, which resulted in the decomposition of the 
hyaline cement substance. The aforementioned softening of portions 
of the pressure layer and edema of the ground substance may be pre- 
ceding stages of such decomposition. 

Summarizing, I may say that joint cartilage in cases of late rickets 
presents a number of interesting changes which partly are associated 
symptoms of the general atrophy of the skeleton ; in part, however, 
they seem to be due to an intrinsic nutritional disorder. How far the 
specific rachitic damage of joint cartilage goes is, of course, hard to 
determine by simple histologic examination. Edema and decomposition 
of hyaline ground substance are apparently direct consequences ot 
avitaminosis, as is also the lack of cartilage calcification and enchondral 
ossification. The extreme atrophy of the joint cartilage may in part be 
due directly to the rachitic process and to the general hypoplasia con- 
nected with it; in part, however, it represents a nonspecific change 
caused by inactivity of the joints. 

One has become accustomed since publication of the work of Miku- 
licz to attribute static deformities of the lower extremities to a late 
rachitic process occurring during adolescence. Irregularities in the epi- 
physial plates, especially of the lower end of the femur and the upper 
end of the tibia, with inequalitj^ of growth caused by the disturbance ol 
enchondral ossification, may explain a number of occurrences of genu 
valgum or genu varum. However, one should also consider the fault} 
enchondral ossification of the joint cartilage as a possible source o 
deformity. There is no doubt that the bony epiphyses grow by enchon 
dral ossification of joint cartilage, and even a small irregularit} or 
imbalance in this process must necessarily lead to disalinement ot tic 
extremity. Owing to the relative slowness of ossification of joint carti 

7. Freund, E. : Virchows Arch. f. path. Anat. 277:326, 1930. 
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lage it is hard to evaluate such changes correctly, but the smallness of 
the epiphyses after the occurrence of rickets in childhood suggests that 
cessation of enchondral ossification of the joint cartilage occurred while 
the diaphysis continued to grow. I pointed out in a recent article the 
great importance of enchondral ossification of the joint cartilage for the 
acquisition of the final normal shape of the joint ends. In the case of a 
spastic idiot with joint contractures considerable deformities, of the 
epiph3'ses had developed owing to slow or inactive enchondral ossification 
of those portions of the joint which were out of contact with the antago- 
nist. The joint cartilage in these areas was atrophic and underwent 
absorption. Large defects in the end of the joint were thus able to 
develop. Similar deformities may result from inactivity and slowness 
of enchondral ossification in cases of severe late rickets. The imbalance 
of enchondral ossification of the joint cartilage explains many other 
deformities, especially congenital, for instance, clubfoot and dislocation 
of the hip. There is no doubt that enchondral ossification of joint carti- 
lage is of far greater importance for the future shape of the extremity 
than it has been considered. 



TREATMENT OF POSTOPERATIVE PARATHYROID 
INSUFFICIENCY WITH DISSOLVED 
CALCIUM LACTATE 


SLOAN J. WILSON, M.D. 

COLUMBUS, OHIO 

Parathyroid insufficiency is fortunately a comparative!}' rare com- 
plication following surgical treatment of the thyroid gland. Boothby ^ 
stated that 88 patients with this condition were treated at the Mayo 
Clinic between 1924 and 1929. This included patients operated on else- 
where as well as persons from the group on whom 13,300 thyroidec- 
tomies were performed at the clinic during this period. Because of the 
possibility of its occurrence, however, every surgeon should be familiar 
with the treatment of the condition. 

MacCallum and Voegtlin in 1909 advanced the hypothesis that para- 
thyroid tet^y is due to a withdrawal of soluble and physiologically 
available calcium salts from the blood and especially from the nervous 
system. More recently McLean, Barnes and Hastings - have shown that 
the parathyroid glands control the concentration of the calcium ions in 
the blood plasma. Various methods of treatment have been reported, the 
most common being the use of various calcium salts, cod liver oil (or 
some form of vitamin D) and parathyroid extract. The basic principle 
of all methods of treatment is to supply the deficiency of usable calcium 
in the blood plasma. 

Calcium lactate is the calcium salt most frequently used in the treat- 
ment of postoperative parathyroid insufficiency. Excellent results have 
been reported by Boothby as following the administration of cod liver 
oil and of calcium lactate dissolved in water. He stated that it is rarely 
necessary to give parathyroid extract or intravenous injections of 
calcium. 

From the Starling-Loving University Hospital, Ohio State University. 

1. (a) Boothby, W. M. : A Case of Parathyroid Insufficiency, Proc. Staff 

Meet., Mayo Clin. 7:361-363, 1932; (b) Treatment of Postoperative Parathyroid 
Deficiency, ibid. 10:87-91, 1935. (c) Boothby. W. M., and Davis, A. C: 

ment of Postoperative Parathyroid Insufficiencj', Arch. Int. }Ied. 58:160- . 

(July) 1936. (d) Boothby, W. M.; Haines, S. F., and Pemberton, J. de J.: 

Postoperative Parathyroid Insufficiency, Am. J. M. Sc. 181:81-96, 1931. 

2. McLean. F. C.’; Barnes, B. O., and Hastings, A. B. : Influence of Thyro^- 
Para-Thyroidectomy and a Parathyroid Hormone upon the State of 

Serum of the Cat, Proc. Soc. Exper. Biol. & Med. 32:253-255, 1934; le 
tion of the Parathyroid Hormone to the State of Calcium in the Blow, - ni. 
Physiol. 113:141-149, 1935. 
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A review of the available experimental and clinical observations 
reveals a vast difference of opinion as to the effect of the oral admin- 
istration of calcium lactate on the calcium content of the serum. Halver- 
son, Mohler and Bergeim ^ studied the calcium content of human blood 
serum and the effect of the administration of calcium lactate in normal 
persons and in patients with pathologic conditions. The method of oral 
administration of calcium lactate is not stated. An elevation of only a 
milligram or less was observed even after administration of 5 Gm. dail}^ 
Voegtlin * stated that the oral administration of calcium is of doubtful 
value. Clark ® found calcium lactate to be the only calcium salt accept- 
able by animals. The feeding of a diet containing 2 per cent of calcium 
lactate had no effect on the calcium content- of the blood. Denis and 
Minot ® gaA'e 6 Gm. of calcium daily for a period of six to ten days to 
normal persons and produced no elevation of the calcium content of the 
plasma. Only daily determinations were made. In some cases the)^ 
were able to raise the calcium content of the plasma in cats and rabbits 
Avhen the initial concentration was low. 

Luckhardt and Goldberg " were the first to report an elevation in the 
plasma calcium after oral administration of calcium lactate. They were 
able to preserve the lives of parathyroidectomized dogs by the admin- 
istration by stomach tube of 10 Gm. of calcium lactate twice daily, 
dissolved or partially suspended in water, and 20 Gm. daily, ground in 
meat. They stated definitely that their article was written because of 
previous reports that oral administration of calcium salts was without 
benefit and that it seemed absurd to give enormous quantities of calcium 
daily b}'^ venoclysis. The importance of dissolving the calcium lactate 
Avas apparently not realized. Jansen ® reported no elevation in the 

3. Halverson, J. O. ; Mohler, H. K., and Bergeim, O. : The Calcium Content 
of the Blood Serum in Certain Pathological Conditions, J. Biol. Chem. 32:171- 
179, 1917. 

4. Voegtlin, C. : The Phj^siological and Pathological Importance of the 
Parathyroid Gland from the Experimental Aspect, Surg., Gynec. & Obst. 25:244- 
249, 1917. 

5. Clark, G. W. : Effect of Hypodermic and Oral Administration of Calcium 
Salts on the Calcium Content of Rabbit Blood, J. Biol. Chem. 43:89-95, 1920. 

6. Denis, W., and Minot, A. S. : Effects of Feeding with Calcium Salts on 
the Calcium Content of the Blood, J. Biol. Chem. 41:357-361, 1920. 

7. (a) Luckhardt, A. B., and Goldberg, B. : Preservation of the Life of 

Parathyroidectomized Dogs, bj' Means of Oral Administration of Calcium Lactate, 
J. -A.. M. A. 80:79-80 (Jan. 13) 1923. (b) Luckhardt, A. B., and Blumerstock, 

J. : Additional Observations on Completely Thyroparathyroidectomized Dogs, 
Am. J. Physiol. 63:409-410, 1922-1923. 

8. Jansen, W. H. : Kalkstoff wechsel, Blutkalkgehalt und Kalkwirkung, Klin. 
Wchnschr. 3:715-719, 1924. 
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calcium content of the blood after the administration of calcium lactate. 
Hjort® found that calcium lactate given by stomach tube in 5 per cent 
solution produced an increase of 17.4 to 48.2 per cent in the calcium 
content q-^ the serum of normal dogs, the maximum elevation occurring 
from ohfji to two hours after the administration. He also used thyro- 
parathyj;]oidectomized dogs, and the results were the same except in the 
tendency to slower return to the preingestive calcium values. He 
explained the failure of others on the basis of too small doses and the 
drawing of blood after the calcium content had returned to normal. 
Kahn and Roe gave calcium lactate dissolved in water in doses of 
5 and 20 Gm. and produced a marked elevation of the calcium content 
of the serum, the average being 81 per cent. The maximum rise occurred 
from four to seven hours after the oral administration. The return 
of the blood to normal was not proportional to the dose. The serum 
calcium returned to normal in about fourteen hours. Bauer and Ropes 
criticized severely the results of Kahn and Roe. The average elevation 
of serum calcium they obtained was 14 per cent with a dose of 10 Gm. 
Their method of administration was different in that they gave the 
calcium lactate followed by water and not dissolved in water. Roe 
and Kahn reported that calcium lactate given to normal subjects 
produced a marked rise in the calcium content of the serum, a dose of 
5 Gm. producing as marked a rise as did a dose of 20 Gm. and also 
producing an elevation sustained for a longer period. The elevation was 
not obtained when the calcium lactate \vas given in milk, a carbohydrate 
or a protein. They did not realize the importance of dissolving the 
calcium but concluded that calcium lactate should be given before meals, 
as food hinders the absorption. They further concluded that it is not 
necessary to incur the dangers of intravenous medication with calcium. 
Boothby stated that calcium lactate is not effective in the treatment of 
parathyroid insufficiency when given dry or in an emulsion and seems 
to be nearly valueless when given in tablet form. 

An anatysis of the results obtained reveals that an elevation in the 
calcium content of the serum has been obtained by oral administration 
onty when the calcium lactate was dissolved in water. This fact has 
not been recognized by many and has not been emphasized in any investi- 

9. Hjort, A. M.: The Influence of Orally Administered Calcium Salts on 
the Serum Calcium of Normal and Thyroparathyroprivic Dogs, J. Biol. Chem. 65. 

783-795, 1925. . 

10. (a) Kahn, B. S., and Roe, J. H.; Calcium Absorption from the Intestt^i 
Tract in Human Subjects, J. A. M. A. 86:1761-1763 (June 5) 1926. (h) Roe, J. H., 
and Kahn, B. S. : Absorption of Calcium from the Intestinal Tract of Human 
Subjects' The Influence of Foods, ibid. 88:980-984 (March 26) 1927. 

11 Bauer, W., and Ropes, M. W.: The Effect of Calcium Lactate Ingestion 
on Serum Calcium, J. A. M. A. 87:1902-1904 (Dec. 4) 1926. 
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gative work. Because of this fact patients are of necessity subjected to 
intravenous injections of calcium and to indiscriminate use of para- 
thyroid extract. 

On the basis of investigative work, calcium lactate is the calcium 
salt of choice for oral administration. There is no change in the pu of 
the blood when dissolved calcium lactate is used. Calcium chloride 
causes depression and loss of appetite. Hjort reported the effects of 
calcium chloride, calcium lactate, ' calcium glycerophosphate, calcium 
carbonate and calcium bicarbonate on the calcium content of the serum 
when dissolved and when given orall}'. Calcium chloride caused an 
increase of 32.1 per cent in the calcium content of the serum but was 
not satis factor}'^ because of gastric irritation and vomiting. Calcium 
glycerophosphate and calcium carbonate were less effective than calcium 
lactate. 'Calcium bicarbonate produced no elevation. 

The following case illustrates the failure to relieve the tetany of 
parathyroid insufficiency when the calcium salts were not dissolved and 
the success in relieving S3'mptoms when calcium lactate was dissolved in 
water. 

REPORT OF CASE 

B. S., a white woman aged 30, was admitted to the University Hospital with 
the complaint of continuous vaginal bleeding which had begun about two years 
prior to admission, after the delivery of her fifth child. She also complained of 
orthopnea, swelling of the feet and ankles and shortness of breath on mild 
exertion, all of about one year's duration. She had had nocturnal dyspnea for 
two months. There had been a progressive loss of 45 pounds (20.4 Kg.) in 
weight in eight months. The patient was well developed and well nourished 
and was not acutely ill. Slight exophthalmos was present. The thyroid gland 
was visibly enlarged. No palpable nodules were present. The lungs were normal. 
The blood pressure was 140 systolic and 60 diastolic. At the mitral, pulmonic 
and aortic areas there was a soft, nontransmitted systolic murmur. The abdomen 
was normal. There was no edema of the extremities. A pelvic examination 
revealed acute tenderness in both the right and the left adnexa. A diagnosis of 
chronic inflammation of the pelvis and toxic diffuse hyperplastic goiter was 
made. 

A roentgenogram of the neck showed a left lateral deviation of the trachea. 
The basal metabolic rate was plus 38. Iodine in the form of potassium iodide 
was given preparatory to operation. 

A subtotal thyroidectomy was done with the patient under anesthesia induced 
by avertin with amylene hydrate and nitrous oxide. The goiter removed weighed 
90 Gm. It contained a few nodules of sizes up to 3 cm. in diameter and was 
largely of the diffuse hyperplastic variety, showing extensive iodine-induced 
colloid remission. A diagnosis of hyperplastic nodular colloid goiter was made. 
No parathyroid tissue was found on repeated examinations. 

12. Salversen, H. A. ; Hastings, A. B., and Iilcintosh, J. F. : The Effect of 
the Administration of Calcium Salts on the Inorganic Composition of the Blood, 
J. Biol. Chem. 60:327-339, 1924. Se 3 'le, H. : On the Stimulation of New Bone 
Formation with Parathyroid Extract and Irradiated Ergosterol, Endocrinology 
16:547-558, 1932. 
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The immediate postoperative condition was good. Seventeen hours after opera- 
tion the patient noticed tingling sensations in the arms, the hands and the feet. 
The hands were drawn in typical tetanic position. The Chvostek and Trousseau 
signs were present. The calcium content of the blood serum was 8 mg. per 
hundred cubic centimeters and the inorganic phosphorus content 3.7 mg. Fifteen 
grains (I'Gm.) of calcium gluconate was given intravenously and produced 
relief. Six hours later symptoms again appeared and were relieved with the 
same treatment. On the second day after the operation the patient had mild 
tingling sensations of the hands, the feet and the face. Daily doses of 60 grains 
(4 Gm.) of calcium gluconate in tablet form were started. On the third day 
she again had tetanic spasms of the hands, the feet and the face. Intravenous 
calcium gluconate had to be used to obtain relief, and the same measure was 
necessary again on the fourth day, even with the oral administration of either 
calcium gluconate or calcium lactate in milk or in tablet form. On the fifth 
day the calcium content of the serum was 7 mg. and the inorganic phosphorus 
content 8 mg. 

On the seventh day the patient again had tetanic spasms of the hands and 
arms. Thirty grains (2 Gm.) of calcium lactate was dissolved in water and 
given orally. Relief was obtained as quickly as with intravenous therapy. The 
following day 90 grains (6 Gm.) of dissolved calcium lactate was given; purified 
vitamin D in propylene glycol (drisdol) was also given. The Chvostek and 
Trousseau signs were still present, but the patient had no complaints. She 
remained in the hospital three days longer, being given 180 grains (12 Gm.) of 
dissolved calcium lactate and S drops of drisdol daily. She had no furthe: 
seizures or complaints. Daily determinations of the calcium content of the 
serum ranged from 6.1 to 7.4 mg., and the inorganic phosphorus content 
increased from 3 to 5.5 mg., all determinations being made twelve hours after 
administration of the evening dose of calcium lactate. 

She was dismissed on the eleventh day with instructions to continue the use 
of dissolved calcium lactate and drisdol. A week later she did a large washing 
without any ill effects. 

On the seventeenth day she was instructed to go as long as possible without 
calcium or the vitamin D preparation. In twenty-four hours she had severe 
tetanic spasms, which were relieved with dissolved calcium lactate. In the next 
six days she had a few spasms but gradually became adjusted to the lack of 
calcium. On the forty-second day after the operation the calcium content of 
the serum was 6.5 mg. and the inorganic phosphorus content 4.3 mg. The basal 
metabolic rate was minus 13. Chvostek’s sign was present in slight degree. 

Because of the possibility of cataract formation and other sequelae of para- 
thyroid insufficiency, administration of 180 grains (12 Gm.) of dissolved calcium 
lactate and 5 drops of drisdol was again instituted as daily treatment. 

The patient had severe tetanic seizures during an infection of the upper respira- 
tory tract, which were relieved with dissolved calcium lactate. The following 
da}' she was given 50 units of solution of parathyroid U. S. P. (in the form of 
parathyroid extract-Lilly). She suffered no other attacks but still complained 
of vaginal bleeding. 

Four months after the onset of parathyroid insufficiency she was doing 
farm work and taking care of a bedfast patient. No apparent discomfort was 

noted. . • 

Because of continued vaginal bleeding and the resulting secondary ane 

she was transferred to the gynecologic service, and a hysterectomy was done .' 
Dr. P. J. Reel. A pathologic diagnosis was made of chronic endocervicitis, cnroni 
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salpingitis and lutean stimulation of the endometrium. The postoperative period 
was normal under the following regimen : parathyroid extract and dissolved calcium 
lactate preoperatively, parathyroid extract and Ringer’s solution the day of 
operation and the first day after the operation and dissolved calcium lactate 
and drisdol by mouth beginning on the^ fourth day after the operation. 

One year after the onset of parathyroid insufficiency the patient was still 
doing farm work. The secondar 3 ' anemia had gradually disappeared. The cal- 
cium content remained unchanged from the previous low levels. 


COMMENT 

This case shows the advantages of administration of dissolved cal- 
cium lactate after failure of calcium salts given in tablet form or in milk. 
Previous to the administration of dissolved calcium lactate, intravenous 
calcium gluconate had to be given. The patient was able to leave the 
hospital under this t3'pe of treatment, returning from time to time for 
observation. 

During the period in which calcium therapy was gradually withdrawn 
from the patient she did have a return of symptoms, but there was a 
gradual adjustment to the low calcium level of the blood serum. Because 
of the fact that experimental and clinical experience has shown that 
cataracts and other untoward symptoms may develop,^® it was con- 
sidered advisable to continue the treatment. Later a successful major 
operation was done, and the postoperative convalescence was normal. 

McLean, Barnes and Hastings concluded that the function of the 
parathyroid gland is to supply the calcium ions in the blood plasma and 
that in the presence of parathyroid insufficiency the calcium ion concen- 
tration is lowered. It is probable that calcium lactate when given in 
the dissolved state supplies this deficiency. The absorption of the cal- 
cium ions must be fairly rapid, as symptoms of tetany in this case were 
relieved in fifteen to thirty minutes. 

Tetany occurred during an infection of the upper respiratory tract 
which is a frequent occurrence in such cases.^* 

The administration of vitamin D is as important as the administra- 
tion of calcium. Brougher reported 4 cases of postoperative para- 
thyroid insufficiency in which cod liver oil relieved all s)unptoms. 
Boothby and Davis^' in a recent review of the treatment of postoperative 
paratltyroid insufficiencj’^ gave an excellent review of the rationale of 
vitamin D therapy and emphasized the difficulty in determining the 

13. Cole, L. : Parathyroid Tetanj' and Cataract, Lancet 1:13-16, 1930. 
Boothby.’^a Luckhardt and Blumerstock.'i’ 

14. McGhie, A. B. : ParathjToid Disturbances Following Thyroidectomy, 
with Report of a Case, Canad. M. A. J. 31:27-29, 1934. 

15. Brougher, J. C. : Viosterol (Irradiated Ergosterol) in the Treatment of 
Parathyroid Tetany, J. A. 1^1. A. 91:471-473 (Feb. 15) 1930. 
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dosage. The vitamin increases the absorption or decreases the excretion 
in the intestines, thus tending to produce a positive calcium balance.^® 

In some cases occasional injections of parathyroid extract have to be 
used in addition to cod liver oil and dissolved calcium lactate.^^ Con- 
tinued injections are not effective, as the patient acquires a tolerance 
to the drug. There is an initial rise in the calcium content of the 
serum. Elimination of calcium is also increased. Pugsley and Seyle^® 
reported the histologic picture of bone after injections of parathyroid 
extract. With the rise in serum calcium there are large numbers of 
osteoclasts, or bone-destroying cells, in the bone marrow. With con- 
tinued injections these cells disappear and are replaced by osteoblasts. 
Foi'mation of bone occurs, and during this process there is no elevation 
in the calcium content of the serum. This explains the tolerance to the 
parathyroid extract. With the use of calcium lactate there are retention 
of inorganic phosphorus and a diminished urinary excretion of phos- 
phorus, even for normal persons.^® It has been shown that parathyroid 
extract causes an immediate phosphorus diuresis and a decrease in the 
inorganic phosphorus content of the serum of normal persons and of 
patients with parathyroid insufficiency.-® This is probably another 
indication for occasional injections of the extract. 


SUMMARY 

A review of the literature is presented as to the effect of calcium 
salts, particularly calcium lactate, when given orally, on the calcium 
content of the blood serum of normal persons and of patients with para- 
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thyroid insufificiency. Only dissolved calcium salts produce any marked 
elevation in the calcium content of the serum. Calcium lactate when 
dissolved in water and given orally produces a marked elevation. 

A case of severe postoperative parathyroid insufificiency is discussed 
in which calcium salts in tablet form or in milk did not relieve tetany. 
Calcium lactate dissolved in water gave immediate relief of symptoms. 
A major operation was done eight months after the onset of parathyroid 
insufificiency. Satisfactory medical management of the condition resulted 
in a normal postoperative convalescence. 

The staff of the Division of Gynecology, Department of Surgery, and the staff 
of the Department of Surgical Research permitted me to follow the case reported 
in this paper. The staff of the Department of Surgical Research gave technical 
assistance in determining the values for phosphorus and calcium. 
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Intestinal obstruction caused by gynecologic disease is infrequent. 
Reports of obstruction due to strangulation of the intestine by a cyst 
pedicle, to hernia into the broad ligament or to endometriosis have been 
found. There have been few reports of intestinal obstruction associated 
with pelvic inflammatoi'y disease; the following discussion will be 
confined solely to this particular complication. 

Mclver stated that tubal inflammation may result in intestinal 
obstruction.^ However, in review of 21 cases of obstruction caused by 
bands (without previous laparotomy), he cited no case in which pelvic 
inflammatory disease was the cause.^ Treves ® wrote, “I have knowledge 
of several instances in which ‘pelvic inflammation,’ ‘mentis,’ or ‘pelvic 
cellulitis,’ appears without doubt to have provided the band.” Norris,^ 
in his treatise “Gonorrhea in Women,” did not even mention intestinal 
obstruction as a complication. Kaufman ® reported a single case of ileus 
complicating salpingitis. Vanderzypen ® and Martens have each 
reported 2 cases, and Thaler ® 3 similar cases. Holtz,® in 1,262 cases 
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of tuberculous salpingo-oophoritis, found only 1 case of intestinal 
obstruction. Flesch-Thebesius in 162 cases of mechanical ileus due 
to adhesions found the condition to be of gynecologic origin in 15; in 
8 it was caused by parametritis, and in 7 , by salpingitis. Turunen^^ 
reported 12 occurrences of mechanical ileus in 3,025 cases of adnexitis 
caused by abortion, by infection during delivery or by gonorrhea. Of 
these, 10 occurrences were due to stringlike adhesions, and 2 were 
caused by agglutination of loops of intestine. Usually the complication 
occurred after long-standing inflammation; in only 2 cases had the 
symptoms of pelvic inflammatory disease been present for less than 
one month. The mortality in this series was 47.7 per cent. 

Mechanical intestinal obstruction complicating pelvic inflammatory 
disease is uncommon, but it does occur. In an active gynecologic serv- 
ice to which approximate!)" 60 per cent of all admissions are for pelvic 
infection, either postabortal or gonorrheal, attention was called to this 
complication by its occurrence in 2 cases within one month. An addi- 
tional case was found in the hospital records of ten years ago. 

REPORT OF CASES 

Case 1. — A. C., a Negress aged 42, married, was first admitted to the hospital 
on Oct. 14, 1927. She was a bipara and had had five pregnancies. She complained 
of pain in the abdomen, which had begun suddenly four days previously and had 
become progressively worse. Pain in the chest had been present for the past day. 
The menses began at the age of 13; they were regular, and the periods lasted three 
days. The date of the last period was uncertain, although the patient said she 
was not pregnant. She had had an abortion fourteen years before. The temperature 
was 105 F,, the pulse rate 160 and the respiratory rate 34. The patient appeared 
prostrated and showed indefinite signs of consolidation in the chest (which rapidly 
cleared). The abdomen was distended and tympanitic. Tenderness, rebound and 
rigiditj' were present, particularly in the left hypogastrium. Vaginal examination 
showed the cervix to be cone shaped and flattened ; the external os was closed. 
The fundus of the uterus was small and anterior. A large mass was felt in both 
cul-de-sacs, extending upward to an indefinite point near the umbilicus. The white 
blood cell count was 24,000, with 96 per cent of polymorphonuclears. A diagnosis 
of postabortal pelvic cellulitis was made. 

The temperature ranged up to 103 F. for three days, after which softening 
occurred. Colpotomy was then performed, with evacuation of a large amount of 
pus. Despite the colpotomy, the temperature did not return to normal until the 
twenty-eighth day after the operation. During this period, digital dilation of the 
colpotomy opening, injections of milk given intramuscularlj* and vaginal diathermy 
were used, with gradual subsidence of the parametrial masses. On the forty- 
fourth day after the operation the patient appeared well ; the temperature was 

10. Flesch-Thebesius, M. : Ueber Ileus durch Verwachsungen und Strange, 
Deutsche Ztschr. f. Chir. 157 : 60, 1920. 

11. Turunen, A. O. : Ueber den Darmverschluss als Komplikation von 
Krankheiten und Operationen der inneren Geburtsteile, Acta obst. et gj-nec. Scan- 
dinav. 12 : 421, 1932. 
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normal, no symptoms were present and there were no physical signs except for 
slight induration in the fornices. On this day there was a sudden onset of colicky 
abdominal pain, vomiting and generalized rigidity, with tenderness at McBurney’s 
point. The white blood cell count was 21,000, with 90 per cent of polymorpho- 
nuclears. Enemas were not effectual. On the following day, the patient appeared 
worse ,’ pain and vomiting continued, and she was operated on. The preoperative 
diagnosis was mechanical intestinal obstruction. 

At operation, 300 cc. of straw-colored fluid was found in the abdomen. The 
small intestine was distended and injected. The loops were followed until a 
loop of the lower part of the ileum was found to be bound down to the broad 
ligament and to be kinked at this point. Below the kink the intestines were 
collapsed. The pelvic peritoneum and the pelvic organs appeared to be normal. 
The adherent kinked loop of intestine was freed from the broad ligament, and the 
distal portion of the intestine immediately ballooned out with gas. The patient 
made an uneventful recovery and was discharged on the twent 3 ^-sixth day after 
the operation (Dec. 23, 1927). 

Case 2. — M. B., a Negress aged 16, single, was first admitted to the hospital 
on Nov. 25, 1936, complaining of pain in the abdomen for the past five weeks, 
accompanied by vaginal discharge, burning on urination, frequent voiding and 
nocturia. The pain was most pronounced in the right lower quadrant of the 
abdomen. It began immediately after a menstrual period five weeks before her 
admission. She vomited several times the night before admission. The menses 
began at the age of 11; they were regular; the periods lasted four days and were 
unaccompanied by pain. The last normal period was one week before admission. 
The temperature was 98.6 F., the pulse rate 80 and the respiratory rate 24. The 
patient appeared moderately ill. The abdomen was soft, and tenderness was 
present in both lower quadrants. There was no distention, no rigidity and no 
rebound. Vaginal examination showed the uterus to be anteverted ; a tender 
sausage-shaped mass was present in each fornix. The white blood cell count at 
this time was 21,000, with 80 per cent of polj'morphonuclears. The impression 
was that a bilateral pyosalpinx existed with moderate pelvic peritonitis. An 
enema given in the evening of the same day was effectual. 

For four days the temperature was below 100 F. On the fifth day, the tem- 
perature rose to 100.4 F. and the patient suddenly appeared acutely ill. The 
abdomen was diffusely tender and was distended. It was thought at this time 
that peritonitis due to a leaking pyosalpinx was present. An enema returned 
fluid stained with fecal material, but no gas. The distention, tenderness, vomiting 
and rigidity increased in severity. A Harris drip instituted at this time was 
ineffectual. The temperature rose to 101.6 F. just before death, and the patient 
died eight days after admission (Dec. 3, 1936), four days after the occurrence of 
what was interpreted as being a “leaking tube" with peritonitis. 

Autopsy revealed nothing abnormal except in the abdomen. A loop of ileum 
was pulled down, bound and kinked by a fibrous adhesion which extended 
the serosal surface of a loop of intestine to the posterior wall of the pelvis, in 
the region of the sacrum — about 6 inches (15 cm.) of the ileum was boun 
down firmly and completely obstructed by this adhesion. The small intestine 
proximal to the adhesion was dilated; the intestine below the adhesion vas 
collapsed. The adhesion itself was grayish and vascular and measured 2 inches 
(5 cm.) in length and 3 inches (7.5 cm.) in thickness. Numerous rather firm 
adhesions were present in the pelvis, which bound the uterus and tube to t e 
bladder and rectum.' There were also fine adhesions between the liver an 



LEVINE-BLINICK— INTESTINAL OBSTRUCTION 


SOI 


diaphragm ; these were of the “violin string” type. There was a right pyosalpinx, 
and the ovaries appeared normal. The diagnosis was fibrous adhesion extending 
from the serosa of the ileum to the anterior wall of the sacrum ; strangulation of 
the ileum; right pyosalpinx; pelvic adhesions; perihepatitis; dehydration. The 
cause of death was acute mechanical intestinal obstruction. 

Case 3. — J. B., a nulliparous Negress aged 19, single, was first admitted to 
the hospital on Nov. 16, 1936. She complained of pain in the lower part of the 
abdomen and in the back for two weeks, associated with vaginal discharge for ten 
days. These symptoms became progressively more severe and were associated with 
fever. No vomiting occurred. There was a history of an abortion two years 
previously. The menses began at the age of 13 ; they were regular, and the periods 
lasted four days. The last normal period was seventeen days prior to admission. 
On the day of admission to the hospital the menses reappeared ; this period was 
nine days earlier than usual. The temperature was 101 F., the pulse rate 108 and 
the respiratory rate 24. The patient appeared acutely ill and complained of severe 
pain in the lower part of the abdomen. The abdomen was rigid. Tenderness and 
rebound were present in both lower quadrants. Vaginal examination showed the 
cervix to be short, conical and closed; a brownish, bloody discharge was present. 
Pain was elicited on movement of the cervix. The uterus was small and retroverted, 
and there was an extremely tender sausage-shaped mass in each fornix, closely 
applied to the uterus. The white blood cell count was 9,960, with 84 per cent of poly- 
morphonuclears. The sedimentation rate was 18 mm. in twenty minutes. The 
diagnosis was bilateral pyosalpinx, pelvic peritonitis and retroversion of the uterus. 

With palliative therapy, the patient’s temperature ranged between 100 and 
102.4 F. for one week. The temperature thereafter was constantly below 100 F., 
the abdominal signs subsided and the patient was apparently recovering. She was 
allowed to be out of bed on the sixteenth day; that evening she had a sudden 
recurrence of symptoms, with abdominal pain and vomiting. There was moderate 
tenderness and rigidity in the lower part of the abdomen; an enema was 
effectual. On the following day (the seventeenth day of hospitalization), she con- 
tinued to vomit and to complain of cramplike pain. The temperature was 100 F. ; 
the lower part of the abdomen was distended, tympanitic, tender and rigid. Because 
of the sudden onset of cramplike pain, mechanical obstruction was suspected, 
rather than paralytic ileus caused by recurrence of the peritonitis. A Harris 
drip was given, and liquid petrolatum was introduced into the duodenum by 
means of a Levine tube. No oil, gas or feces was recovered in the Harris drip 
in twelve hours. A fiat roentgenogram of the abdomen taken on the same day 
showed distended loops of small bowel (with fluid levels) and no evidence of 
gas in the large intestine. The diagnosis of mechanical obstruction of the small 
bowel was thus confirmed, and a laparotomy was performed that evening. At 
operation, 20 cc. of free straw-colored, odorless fluid was found in the peritoneum. 
There were many fresh fibrinous adhesions between loops of ileum, resembling 
violin strings. The small intestine was distended and somewhat congested. The 
distended loops were followed toward the cecum until a firm adhesion band 
was found 4 inches (10 cm.) proximal to the ileocecal junction, causing com- 
plete occlusion of a loop of ileum. This band ran from the serosa of the ileum 
to the pelvis; distal to the band the ileum was completely collapsed. As soon 
as the adhesion was severed the collapsed intestine ballooned out. The pelvic 
organs were rapidly palpated, and the adnexa were found to be subacutely 
inflamed. The patient made an uneventful recovery and was discharged on 
December 26, the eighteenth day after the operation. An examination of the pelvis 
at this time revealed small, slightly tender masses in each fornix. 



502 


ARCHIVES OF SURGERY 


ETIOLOGY AND PATHOGENESIS 

The fundamental methods by which bands of adhesions produce 
strangulation are well known. Mclver’- stated: 

Bands form bridges or arches under which intestinal loops become engaged 
or strangulated, or long cords are formed into nooses or knots which capture a 
loop. Of these two types, strangulation under bands is more fr,equent. All that 
is essential for strangulation is a firm band attached at two points to form an 
arch and a firm surface to make the floor of the arch. 

Bands are congenital or inflammatory in origin. Primary inflam- 
matory bands (without previous laparotom}^) are rarely seen today, 
since the\' are the result of peritonitis following appendicitis or rup- 
tured gastric ulcer; in such cases the condition is usually diagnosed 
early, and the patient is operated on before firm adhesions form. How- 
ever, pelvic peritonitis, for which the usual treatment is conservative 
and operation is deferred, presents favorable opportunit}’' for the forma- 
tion of inflammator}^ bands. Treves stated: 

AVhere the isolated adhesion is due to pelvic peritonitis, it may be found to 
be attached by one end to some pelvic viscus and by the other to a neighboring 
part. Thus bands are found passing from the uterus, ovary or bladder to the 
parietal peritoneum of the pelvis or abdomen; or starting from the same source, 
they may attach themselves to the cecum or sigmoid flexure, or with much 
greater frequency to some part of the lower ileum or its mesentery. In several 
instances, the constricting band has merely passed from one point on the pelvic 
wall to another. 

The occurrence of adhesive bands after acute salpingitis has not 
been generall}* recognized. iVnother fact frequently overlooked is that 
the accompan3’'ing primar}- peritonitis may be widespread. Curtis has 
described violin string adhesions about the liver in cases of chronic 
salpingitis ; he stated the opinion that these adhesions are the end result 
of acute inflammation. Fitz-Hugh has recovered the gonococcus from 
the drainage tract after a laparotomy for acute perihepatitis. There- 
fore, since it is recognized that salpingitis may cause pelvic and gen- 
eralized peritonitis with the secondary formation of bands, it can 
readil}' be seen how mechanical intestinal obstruction may occur. Falk^ 
has shown that general peritonitis may be caused by postabortal infec- 
tion by direct extension through the tubes. In such a case the condition 
is usual!}' of streptococcic origin and results in death within rivo to 

12. Curtis, A. H.: (a) Adhesions of the Anterior Surface of the Liver, 
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3: 123, 1936. 

14. Falk. H. C: Abortion, Am. J. Surg. 35: 187, 1937. 
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three weeks. This does not allow sufficient time for adhesions to form. 
However, in cases in which postabortal infection causes pelvic cellulitis, 
intra-abdominal adhesions may occur, although the condition is pri- 
marily exti'aperitoneal. The mechanism by which this is produced is 
believed to be as follows: 

1. Subperitoneal cellulitis may cause edema of the peritoneum, with 
exudation on the peritoneal surface, resulting in a roughened peritoneum 
and in local peritonitis.^'' 

2. Pelvic cellulitis may produce peritoneal blebs; pinpoint rupture 
of a bleb into the peritoneum may cause an adhesion to form at this 
site. 

3. An imminent intraperitoneal perforation of an abscess of a broad 
ligament may be sealed off from the general peritoneal cavity by a loop of 
intestine becoming adherent at this point; evacuation of the abscess and 
healing of infection cause shrinkage of the swollen parametria, with 
the result that the adherent loop of intestine is drawn into the pelvis 
and kinked, causing obstruction. 

4. The omentum may be drawn into the pelvis by one of the 
methods described and may act as a constricting band. 

SYMPTOMS 

The symptoms of this condition are like those of acute intestinal 
obstruction from any other cause. There is a sudden onset of vomiting, 
of distention and of cramplike pain, which is unlike the unremitting 
pain caused by salpingitis. If the complication is not recognized early, 
fecal vomiting and complete obstipation result. On roentgen examina- 
tion of the abdomen the typical signs of mechanical obstruction may 
be seen, that is, “step ladder” pattern, gas and fluid levels in the small 
intestine and absence of gas in the large bowel. Obstruction occurring 
in pelvic inflammatory disease usually appears while the inflammatory 
process is subsiding. In 2 of our cases the obstruction occurred late, 
when both patients were recovering. In the other case, although the 
obstruction occurred shortly after admission to the hospital, the autopsy 
showed that the salpingitis was of long duration. 

DIFFERENTIAL DIAGNOSIS 

Paralytic ileus due to peritonitis must be differentiated from mechan- 
ical obstruction. This differentiation at times may be difficult, as both 
conditions manifest themselves b}' distention, tympanites, constipation, 
vomiting and signs of the underlying peritoneal inflammation. Diffuse 

15. Polak, J. O. : Pelvic Inflammation in Women, Gynecological and Obstet- 
rical Monograph Series, New York, D. Appleton and Company, 1924. 
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peritonitis in gynecologic disease most commonly is caused by acute 
salpingitis, by “leaking” pyosalpinx, by ruptured pyosalpinx or by 
septic abortion. Associated with these conditions we find elevated 
temperature and leukocytosis as well as the local signs of acute pelvic 
inflammation. On the other hand, the local and general symptoms 
of the acute inflammation have subsided or are subsiding when- the 
acute intestinal obstruction occurs. When there is a sudden recurrence 
of acute symptoms, with cramplike pain, vomiting and distention, in 
a patient with pelvic inflammation who is apparently recovering, mechan- 
ical obstruction must be ruled out. All patients with ileus in this service 
are treated with duodenal drainage (Levine tube) and a Harris drip, 
for both diagnostic and therapeutic purposes. It has been found that 
with complete mechanical obstruction there is no gas or fecal return 
in the drip. With paralytic ileus the drip causes sufficient peristalsis 
to allow some return of fecal material and gas. A further refinement 
in the differential diagnosis is to introduce liquid petrolatum through 
the tube (eight doses of 4 drachms [14.4 cc.J) at intervals of one hour. 
With paralytic ileus ^ome oil will be recovered in tbe drip; with 
mechanical obstruction no oil is recovered. A flat roentgenogram of 
the abdomen should always be taken for evidence of mechanical 
obstruction. 

PROGNOSIS AND TREATMENT 

The prognosis is in direct relation to the time elapsing between the 
occurrence of obstruction and its release. If operation is performed 
early a recovery usually results; if the condition is not recognized or 
if the operation is delayed a fatality is to be expected. It is particularly 
important for gynecologists to differentiate early between ileus caused 
by peritonitis of pelvic origin and that caused by mechanical obstruction. 
If mechanical obstruction is not recognized or is recognized late, the 
period of optimum operability is lost, for the treatment of this type 
of obstruction is immediate laparotomy, whereas the treatment of pelvic 
peritonitis is essentially nonqperative in the early stages. Surgical 
elimination of the pelvic inflammatory mass at this time would seem 
injudicious. 

SUMMARY AND CONCLUSIONS 

Three cases of intestinal obstruction complicating pelvic inflamma- 
tory disease are reported. 

The pathogenesis of this complication is discussed. 

The outstanding symptom of the complication has been found to 
be the sudden onset of cramplike pain and distention in a patient witi 
pelvic inflammatory disease who is apparently recovering. 

It is important to diagnose this complication promptly in order to 
insure earl)’- surgical intervention. 
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Tuberculosis of the stomach is an inflammatory granulomatous lesion 
of the stomach produced by the tubercle bacillus. Little was known 
about this condition before 1824, when a case was reported by Bark- 
hausen.^ Since that time, however, the subject has aroused considerable 
interest, and 367 additional cases have been reported. This interest 
has been due partially to the • rarity of the condition, but it also is 
largely attributable to the interesting clinical problems and varied patho- 
logic manifestations presented by the condition. 

Although Barkhausen was the first to report a case of gastric tuber- 
culosis, the condition was not definitely established as a pathologic entity 
until Litten’s ® report and classic description of the findings in a case 
he had observed in 1876. Four years after the discovery of the tubercle 
bacillus by Koch in 1882, Coats ® reported a case in which he was able 
to demonstrate the tubercle bacillus in the depths of the lesion. He 
thus became the first to report a proved instance of gastric tuberculosis. 
Since that time numerous reports of single cases and several extensive 
reviews of series of cases collected from the literature have been pub- 
lished. Notable among these have been the review by Arloing ■* in 
1902, that by Ricard and Chevrier ® in 1905, that by Broders ® in 1917 
and that by Good ' in 1929. 
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Abstract of thesis submitted to the faculty of the Graduate School of the 
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INCIDENCE 

The incidence of tuberculosis of the stomach as determined at 
necropsy and by the examination of surgical material has varied con- 
siderably in the reports of different investigators. The most extensive 
investigation of the incidence of gastric tuberculosis at necropsy was 
that by Glaubitt.® In 1901 this investigator reported that he observed 
gastric tuberculosis in 47 of a series of 12,528 cases in which necropsy 
was performed. In 2,237 of these cases the patients had died of tuber- 
culosis. The incidence of gastric tuberculosis, therefore, was 0.37 per 
cent for the entire series of cases and 2 per cent for the cases in which 
the patients had died of tuberculosis. Simmonds ® observed 18 instances 
(0.76 per cent) of gastric tuberculosis in 2,360 cases in which necropsy 
was performed. In 1929 Good collected a total of 71,871 cases in 
which the presence or absence of gastric tuberculosis had been recorded 
by various investigators. The incidence of gastric tuberculosis in 
this series of cases was 0,34 per cent. This probably is the most accurate 
figure available as to the incidence of this condition. In 15,165 of the 
cases in this series the patients had tuberculosis elsewhere in the body; 
the incidence of tuberculosis, therefore, was 1.4 per cent for the latter 
group of cases. 

The incidence of gastric tuberculosis found at surgical exploration 
is particularly interesting, since it is at operation rather than at necropsy 
that the diagnosis should be made. Clairmont reported 2 instances in a 
series of 258 consecutive gastric operations ; Demel found 3 in 1,568 
gastric explorations ; and Knoflach and Pape found 5 in 4,000 consecu- 
tive histologically controlled operations at the University of Vienna. 
Good reported 3 instances in 7,416 consecutive gastric operations at the 
Ma)m Clinic. The average incidence of gastric tuberculosis found on 
gastric exploration in cases reported b)”^ these investigators is about 0.12 
per cent. Gastric tuberculosis is certainly a rare condition, but it does 
deserve some diagnostic consideration, especially if there is evidence of 
tuberculosis elsewhere in the body. 

MODES OF INFECTION 

Practically all writers on the subject of tuberculosis of the stomach 
agree that there are four possible routes by which infection may occur. 
(1) through the mucosa (direct infection); (2) through the blooc 
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Alagentuberkulose, Wien. klin. Wchnschr. 47:1288-1290 (Oct.) 1934. 
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Stream ; (3) through the lymphatic stream, and (4) by continuity and 
contiguity of structure. That the stomach is highly immune to tubercu- 
losis is bej^ond question. In this respect it is similar to the thyroid 
gland, the salivary glands, the esophagus, the pancreas, the gallbladder, 
the ovaries, the uterus and the heart, which are rarely the sites of tuber-: 
culous infection. Unfortunately it is not known at present what factors 
these organs have in common that make them resistant to tuberculosis. 

There has been considerable controversy concerning the usual route of 
tuberculous infection of the stomach. After a review and consideration 
of the evidence it must be admitted that infectiop may occur by any of 
the four routes and that reasonably authentic instances of infection by 
each have been described. On the other hand, it must be conceded that 
the stomach has considerable immunity to infection by the tubercle 
bacillus by any route. Infection probably never occurs through the 
intact mucosa; it occurs through erosion, ecchymosis, gastritis, ulcer 
and carcinoma, which under some conditions can act as portals of entry 
for the infection. Retrograde lymphatic infection from the mediastinal 
to the perigastric lymph nodes apparently occurs not infrequently. The 
most common route of infection is beyond doubt the blood stream. This 
has been proved by the animal experiments of Arloing and Monte- 
martini and by the bulk of clinical evidence. 

The remarkable resistance of the stomach to tuberculous infection, 
often in the face of constant exposure to active, virulent tubercle bacilli 
in the sputum or in contaminated food, has been a subject of consider- 
able interest and investigation. It has been variously attributed to the 
following factors: (1) the effect of the gastric juice on the tubercle 
bacilli; (2) the scarcity of the lymph follicles and lymphatics in the 
walls of the stomach; (3) the rapid emptying of the stomach; (4) the 
integrity of the gastric mucous membrane; and (5) resistance of muscu- 
lar tissue to tuberculous infection. 

Undoubtedly, no one factor is entirely responsible for the immunity 
of the stomach to tuberculous infection. The gastric juice has been 
shown by extensive experiments to be an almost negligible factor, 
because not only is the value for the acidity of the gastric contents usually 
lowered in cases of tuberculosis, but a normal gastric juice has been 
shown to have little or no effect on tubercle bacilli unless it is in contact 
with them for at least twelve hours. The sparsity of lymph follicles 
is probably of considerable importance, since the tubercle bacillus has a 
strong predilection for the lymphatic system and naturally would not be 
common in an organ with a meager lymphatic supply. Furthermore, 
the fact that the condition occurs most frequently in the pyloric region, 
where the lymph follicles are abundant, supports this contention. The 
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rapid emptying time of the stomach is doubtless a factor of major 
importance, since it does not allow sufficient contact of the tubercle 
bacillus and gastric mucosa to permit infection to occur, especially if the 
gastric mucosa is intact. 

PATHOLOGIC CHANGES 

Tuberculosis is an infectious disease caused by the tubercle bacillus. 
The lesion produced is variable, and the changes depend on many 
factors, such as the number and virulence of the organisms, their dis- 
semination in the body and the resistance of the host. The most 
characteristic lesion is the tubercle (figs. 1, 2, and 3), but its structure 
may vary with some of the factors already mentioned. Occasionally 



Fig. 1. — Submucous tubercles, epithelioid cells and giant cells; X 90. 


the tubercle bacillus may excite a diffuse, acute inflammatory reaction. 
The effects of infection by the tubercle bacillus may be a result of local 
destruction of tissue or the products of the tubercle bacillus, or both. 

Although many cases of gastric tuberculosis had been reported previ- 
ously, it was not until 1917, when Broders reviewed and analyzed 30o 
cases of gastric tuberculosis collected from the literature, that the patho- 
logic criteria for a diagnosis were established. Broders recommended 
the following criteria for the diagnosis of tuberculosis of the stomach. 
( 1 ) the diagnosis may be considered positive in all ' cases in which 
there is a pathologic picture of tuberculosis of the stomach plus the 
presence of the bacillus of tuberculosis in the depths of the lesion: (2) 
the diagnosis may be considered probable in all cases in which there is a 
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histologic picture of tuberculosis of the stomach, and (3) the diagnosis 
should be considered possible in all cases in which there is a good 
descidption of the gross lesions of tuberculosis of the stomach or a good 



Fig. 3. — Tubercle bacillus in giant cell; X 1060. 


description of the gross lesions and a poor description of the histologic 
lesions. Cases which do not meet these requirements should not be 
considered proved instances of tuberculosis of the stomach. It is inter- 
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esting to note that in nearly half of the cases reviewed by Broders the 
diagnosis was considered questionable or was rejected, whereas this was 
true in only 2 of the 27 cases which were reported between 1929 
and 1936. 

The pathologic manifestations of gastric tuberculosis are varied, and 
their study is interesting because of the wide variety of lesions that 
have been described. A classification of types is difficult because of the 
frequency of bizarre lesions which do not fit readily into any group. 
The classification suggested by Biernath,^^ which is as nearly complete 
as can be desired, is as follows:’ (1) simple gastritis in phthisic patients; 
(2) multiple small erosions and ulcers of the mucosa; (3) an ulcerating 
type; (4) a hypertrophic, infiltrating form; (5) a sclerosing inflamma- 
tory type; (6) acute miliary dissemination, and (7) extragastric forms 
of tuberculosis which involve the stomach. The first type may result in 
any of the other types. 

There are no extensive figures available which indicate the incidence 
of simple gastritis among phthisic patients. Marfan reported gastritis 
in 18 of 27 cases in which necropsy was performed on tuberculous 
patients. The report of gastroscopic examinations perfonned on tuber- 
culous patients by Rodriguez Olleros and de la Viesca Garcia likewise 
indicated that the incidence of gastritis is high. This type of lesion is 
manifested by a thickening of the gastric mucosa, by hyperemia and 
microscopically by round cell infiltration of the mucous and submucous 
layers of the stomach. 

Multiple small erosions and ulcers of the mucosa are rare among 
phthisic patients. The most typical case of this group was that described 
by Hamilton,^’^ in which there were between 115 and 120 small erosions 
and ulcers which involved a considerable proportion of the gastric 
mucosa. The lesions are superficial; they penetrate the mucosa but 
never the muscularis. There is some hypertrophy of the mucous 
membrane, and there is considerable hyperemia. The histologic picture 
is that characteristic of tuberculosis, associated with the formation of 
tubercles and round cell infiltration. There are usually some phlebitis 
and endarteritis in the region of the tubercles. The perigastric lymph 
nodes are frequently involved. This involvement is sometimes associated 

14. Biernath, P. : Zur Kasuistik der Magentuberkulose, Deutsche roed. Wchn- 
schr. 47:1091-1092 (Sept. IS) 1921. 

15. Marfan, B. J. A., cited by Broders.c 

16. Rodriguez Olleros, A., and de la Viesca Garcia, P. : El esfomago tubcr- 
culoso y el estomago de los tuberculoses, Rev. espan. de enferm, d. ap. diges . } 
de la nutricion 1:745-/64 (Oct.) 1935. 

17. Hamilton, A. : ^lultiple Tuberculous Ulcers of the Stomach with a epor 
of Three Cases, Bull. Johns Hopkins Hosp. 8:75-79 (Jan.) 1897. 
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with general miliary tuberculosis, but according to Simmonds it fre- 
quently occurs independently of general involvement. 

The ulcerating type df gastric tuberculosis is the most frequent and 
the most important. In the 5 cases observed at the Mayo Clinic the 
disease was of this type. This type occurs in about 80 per cent of all 
cases of tuberculosis of the stomach. In Broders’ study of 305 cases it 
was present in 81.6 per cent of ail cases in which the diagnosis was 
positive and in 80.5 per cent of all cases in which the diagnosis was con- 
sidered probable. The ulceration is usuall}'^ in the pyloric region and 
is more frequently on the lesser than on the greater curvature. Good 
reported 17 pyloric lesions in 26 cases. Ricard and Chevrier reported 
that in 34.7 per cent of their cases the lesion was situated at the 
pylorus. The pylorus is often adherent to the head of the pancreas or 
to the liver, the transverse colon or the duodenum. The occurrence of 
a gastroduodenal fistula was reported by Mathieu and Remond.^® It is 
generally agreed that the high incidence of tuberculosis in the pyloric 
region is due largely to the number of lymph follicles in that region as 
compared to the rest of the stomach. Superimposition of tuberculosis 
on a nonspecific ulcer (which is common in the pyloric region) may 
likewise be a factor. Simmonds said that this is the most common 
origin of tuberculous ulceration. 

The ulcer is usually not more than 1 to 2 cm. in diameter. How- 
ever, it may be 10 by 20 cm. in diameter, which was the size of the 
ulcer in a case reported by Glaubitt. It is usually shallow and rarely 
penetrates beyond the submucosa, but instances of perforation have been 
reported by Kundrat,^® Marfan, Paulicky,®® and Struppler.®^ The ulcer 
is practically identical with that associated with intestinal tuberculosis. 
The edges are ragged, undermined and overhanging, and the surround- 
ing mucosa is thickened, hyperemic and edematous. The floor of the 
ulcer is covered with necrotic debris and is usually gray or yellow. 
There is considerable peritoneal thickening in the vicinity of the ulcer. 
The regional lymph nodes are often caseous and necrotic. 

Microscopically, there are numerous t 3 ’’pical epithelioid and giant cell 
tubercles in the submucosa surrounding the ulcer, and the infection may 
buri'ow along the submucosa for a considerable distance in all directions. 
There is necrosis of the base and hypertrophy of the margins of the 

18. Mathieu and Remond, cited by Broders.® 

19. Kundrat, cited by Benjamin, J. : Ueber einen Fall von lymphogen ent- 
standenem tuberkulosem Magensdnvur, Beitr. z. Klin. d. Tuberk. 84:249-25-1, 
1933. 

20. Paulicky, cited by Abbott, D. P. : Tuberculosis of the Stomach, in Tice, F. : 
Practice of kledicine, Hagerstown, Md., W. F. Prior Company, Inc., 1923, vol. 7, 
pp. 511-516. 

21. Strupplcr, T., cited by Broders.® 
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ulcer. Considerable small round cell infiltration is seen in the surround- 
ing tissues. Endarteritis and phlebitis of regional arteries and veins are 
common, but the capillaries are usually dilated. There may be some 
lymphocytic infiltration of the muscular layers, but the infection is 
chiefly limited to the mucosa and submucosa. The peritoneum is thick- 
ened and congested over the ulcer. 

The tuberculous granulations around the margins of the ulcer and 
also the healing of the ulcer may lead in the later stages to scarring 
and thickening of the pylorus. This transforms the ulcer into a hard 
cartilage-like mass ' which causes contraction of the pyloric ring and 
obstruction to the passage of gastric contents into the duodenum. Pyloric 
stenosis may also be produced by spasm, by perigastric adhesions or by 
compression of the pylorus by enlarged and caseous regional lymph 
nodes. 

The hypertrophic infiltrating type is the second most common type of 
gastric tuberculosis. It usually involves chiefly the pyloric region and 
forms a firm, indurated mass which grossly resembles the scirrhous 
type of carcinoma of the stomach. In this condition the formative 
process is in excess of 'the destructive processes, and there is a great 
formation of tuberculous granulation tissue; the mucous membrane is 
folded, thickened and nodular, and it may encroach on the lumen of the 
pyloric region so much as to cause almost complete obstruction. Giant 
cells are abundant, but miliary tubercles are not common, and caseation 
is absent. Considerable edema and small cell infiltration of the mucosa 
and submucosa are present. Endarteritis and phlebitis are common. 
The diagnosis may be difficult unless there is involvement of regional 
lymph nodes. • Tumor masses the size of walnuts have been described 
by Melchior and Konjetzny.^® Beresgonowski,^^ Pfanner,®“ and von 
Tappeiner have described lesions the size of eggs, and in Ruge s 
case the mass was the size of a human fist. 

Acute miliary tuberculosis of the stomach is relatively common ; it 
usually is associated with general miliary tuberculosis. This lesion is 

22. Melchior, E.; Tuberculosis of the Stomach, abstracted, J. A. M. A. 87: 
888 (Sept. 11) 1926. 

23. Konjetzny, cited by Pohl, R.: Ueber Tuberkulose des Magens, Rontgen- 
praxis 4:423-428 (May) 1932. 

24. Beresgonowski, cited by Pohl, R.: Ueber Tuberkulose des Magens, Ront- 
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25. Pfanner, cited by Pohl, R. : Ueber Tuberkulose des Magens, Rontgcn- 
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26. von Tappeiner, H. : Beitrag zur Kenntnis der tuberkulosen Pylorus 

stenose, Beitr. z. klin. Chir. 66:371-376 (March) 1910. ^ ^ 
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caused by tubercle bacilli which are poured into the blood stream from 
some focus of infection and which are distributed throughout the body. 
Miliary tuberculosis of the stomach is not of any clinical importance, 
since it is usually only a small factor in a rapidly fatal condition. 
Wilms has reported an interesting case of this type, in which the 
patient was a child aged 9 months. 

Extragastric forms of tuberculosis which involve the stomach occur 
when tuberculosis invades the stomach from neighboring organs, such 
as the duodenum and the pancreas or the perigastric lymph nodes. 

Nedelec^® called attention to a rare type of gastric tuberculosis in 
which “cold abscesses” of the stomach were found in the cases reported 
b}'’ Schlesinger in 1914 and by Mathieu and Remond in 1921. A 
solitary tubercle of the stomach is extremely rare. Van Wart has 
described an interesting case in which the tubercle was 3.5 cm. in diame- 
ter. It was situated on the greater curvature, 6 cm. from the cardia. 
Tuberculosis was not demonstrable elsewhere in the body; hence there 
was no definite evidence that this lesion was not primary in the stomach. 
Genkin and Sosnowik in 1934 reported a case in which there were 
many fistulas which ended blindly in the thick wall of a tuberculous 
stomach. These authors called particular attention to the thrombosis of 
the blood vessels around the fistulas. The route of infection in this 
case was apparently by retrograde lymphatic spread from tuberculous 
hilar nodes to the perigastric lymph nodes. 

In brief, tuberculosis of the stomach may appear in any stage from 
acute fulminating to chronic infiltrating forms, and the diagnosis must 
usually be made by histologic examination. 

RELATION OF GASTRIC CARCINOMA AND TUBERCULOSIS 

The association of carcinoma and tuberculosis in the same body or 
organ has been a subject of considerable interest and controversy among 
pathologists for many j’^ears, and extensive literature has accumulated 
regarding this subject. At present the weight of evidence, as voiced by 

28. Wilms, M. : Miliartuberkulose des Magens, Centralbl. f. allg. Path. u. 
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Menniti, Schacter,®"^ Broders/® and Cooper,®' supports the contention 
that tuberculosis and carcinorna in the same body or organ are not antag- 
onistic. This contention certainly is borne out in the case of tuberculosis 
and carcinoma of the stomach. To date a total of 368 cases of gastric 
tuberculosis have been reported in the literature, and of these not 
more than 60 per cent can be classed as positive or probable cases of 
gastric tuberculosis according to the criteria postulated by Broders. An 
analysis of these same cases revealed that in 30 of the 368 cases gastric 
tuberculosis and gastric carcinoma were coexistent. This incidence of 
association is rather high, certainly higher than occurs in most organs of 
the body in which these conditions can coexist. Perhaps this can be 
accepted as evidence in support of the theory that cancer, ulcer and 
erosion of the gastric mucosa may lower its ' resistance to tuberculous 
infection and act as portals of entry for infection. Certainly, this 
incidence of associated lesions seems too higli to be explained entirely 
by coincidence. 

The first case of associated gastric tuberculosis and carcinoma was 
reported by Clement ®® in 1895. Since then, 28 additional cases of 
coexisting gastric tuberculosis and carcinoma and 1 case of associated 
sarcoma and tuberculosis have been reported. In 5 cases the carcinoma 
was considered primary; in 3 cases tuberculosis was believed to have 
developed first. No opinion was stated in the other cases. In 12 cases 
there was definite evidence of pulmonary tuberculosis. 

These cases of associated gastric tuberculosis and carcinoma are 
interesting chiefly as pathologic curiosities. It is generally agreed that 
there is nothing about the history or clinical findings that is of any 
particular value as regards the diagnosis, and the treatment is always 
surgical. 

DIAGNOSIS 

At the outset it must be said that there is no way in which a definite 
clinical diagnosis of tuberculosis of the stomach can be made. There 
are no characteristic signs or symptoms, and there is no laboratory test 
or group of tests that can indicate to the observer the nature of the 
disease. The difficulty lies largely in the fact that the symptoms and 
signs resemble, or are identical with, those of pathologic gastric condi- 
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38. Clement, G. : Ueber seltnere Artcn der Combination von Krebs und i uu 
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tions infinitely more common than gastric tubei'culosis. Gastric tuber- 
culosis closely resembles gastric ulcer, gastric 'carcinoma and gastric 
syphilis and must sometimes be distinguished from tumor of the pan- 
creas, carcinoma of the gallbladder, benign tumor of the stomach, 
pylorospasm and hypertrophic pyloric stenosis. The problem is further 
complicated by the fact that patients frequently may have two or more 
of these conditions in the stomach at the same time. It is true of 
tuberculosis of the stomach, as of most rare diseases, that the diagnosis 
is not made because the condition is not thought of, and the rarity of 
the condition makes this only natural. However, the disease has been 
diagnosed clinically in 6 instances, by von Schlesinger, Haudek,^® Speng- 
ler,^® Pohl,^^ Lapeyre,*^ and Pop and Hanganutiu,^® and it is one of 
the purposes of this paper to call the attention of clinicians to this 
condition so that it may be considered more frequently in the differential 
diagnosis of gastric disease. 

Gastric tuberculosis usually affects young adults ; it rarely affects 
persons beyond 35 years of age, but in some cases which have been 
reported the patients were adults who were 60 and 70 years of age, and 
in othei'.s they were children who were less than a year old. It occurs 
among male patients approximately twice as frequently as among female 
patients. The onset is usually insidious, but the course is steadily pro- 
gressive. The symptoms most frequently noted are loss of appetite and a 
sense of epigastric fulness and pressure after meals, especially if solid 
food has been eaten. There may be a burning, gnawing pain which comes 
on two or more hours after meals and is relieved by the ingestion of 
food. As the condition progresses, vomiting develops, and there is pain 
in the upper part of the abdomen, which often is cramplike. This pain is 
usually relieved by vomiting. As the vomiting grows progressively 
worse the vomitus becomes stagnant and frequently contains food which 
was eaten several meals previously. The patient gradually loses strength 
and weight. Occasionally, hematemesis occurs. Arloing noted hem- 
atemesis in 9 of the 147 cases he reported. Benjamin reported that 
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fatal hematemesis occurred in the cases reported by Bignon/'^ Kundrate, 
Brechemin/® Long,-*' Plate,« and Reinhold,-*® and in 1 case of his own.’ 
Diarrhea, which appears early and continues throughout the course of 
the disease, is rather characteristic, but constipation occurs not infre- 
quently, as has been pointed out by Curschmann.*’® A liistor}'- of pul- 
monary tuberculosis may be entirely lacking. 

Physical examination usually reveals that the patient is pale and thin 
and appears ill. There may or may not be evidence of pulmonary tuber- 
culosis. The stomach is often dilated, and occasionally its outline can be 
made out without difficulty. Visible peristalsis is common, and it may be 
possible to elicit a succussion splash. There is usually considerable epi- 
gastric tenderness, and in 50 per cent of cases there is a palpable mass 
in the pyloric region. Usually the mass is firm, well defined and movable. 
A daily variation of temperature is highly suggestive of tuberculosis. 

As mentioned previously, laborator}'^ data do not offer anything 
pathognomonic of gastric tuberculosis. There is usually some anemia, 
and this may be striking, but diagnostically it cannot be relied on. Anal- 
ysis of the gastric contents is not conclusive but does offer some informa- 
tion. As has been shown by Cohen “*■ and others, the acidity of the 
gastric contents in persons with tuberculosis of the stomach is much 
lower than it is among normal healthy persons. In the large majority of 
cases of gastric tuberculosis the acidity of the gastric contents is 
decreased, and complete anacidity is not uncommon, as it occurred in 
the cases reported by Alessandri,®- Alexander,®^ Fujii and others. In 
Lee’s case no free hydrochloric acid was observed even after injection 
of histamine, which usually has the property of stimulating the secretion 
of acid. On the other hand, in cases which were reported by Cursch- 
mann and Schlesinger there was hyperchlorhydria. There may be occult 
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blood in the gastric contents, but the finding of tubercle bacilli in the 
secretions may be of slight significance. Examination of the stools rarely 
gives much information. Even the finding of occult blood in the stools 
is of little significance, as it may be due to the hemophthisis of pulmonary 
tuberculosis or to any number of other gastrointestinal conditions. The 
urine is practically always normal. The injection of tuberculin has been 
advocated by some as a diagnostic method. It cannot be used as a routine 
test, because of the danger of a severe reaction or even of perforation. 
This test is mentioned only to be condemned. 

Roentgenologic investigations are of considerable value in determining 
the presence or absence of a gastric lesion, but they rarely contribute 
much of a definitely diagnostic nature, since the roentgenogi'am of the 
lesion is almost identical with that produced by more common gastric 
lesions, such as carcinoma and ulcer. Roentgenologists of great experi- 
ence can frequently dift'erentiate between a carcinomatous lesion and a 
granulomatous lesion such as occurs with tuberculosis or syphilis, but 
there are no definite criteria for the differentiation of these two lesions. 
With the ulcerating t3'pe of gastric tuberculosis, which makes up SO per 
cent of the lesions, the roentgenologic picture is that of a nonspecific 
gastric ulcer, with perhaps a little more scarring and contracture than 
occur with the ordinary ulcer. The hypertrophic, infiltrating type 
produces nonspecific p3doric stenosis, which simulates that produced 
b3’’ either carcinoma or S3'philis of the stomach. Renander has 
described a cufflike infiltration with equal contours and a uniform circular 
shadow as being characteristic of gastric tuberculosis. Rother noticed 
a slight break between the bulb and the canal and believed this finding was 
of considerable significance. Haudek has called attention to the uniform 
narrowing of the pylorus. Schmitz has postulated that if infiltration 
extends into the duodenum one should suspect tuberculosis, as carcinoma 
never e.xtends into the duodenum. Pop and Hanganutiu were impressed 
by the smooth, amputated appearance of the p3dorus in a case of tuber- 
culosis of the stomach observed b3" them, as compared with the irregular 
outline common in cases of carcinoma of the stomach. There is usuall3' 
some evidence of pulmonar3’ tuberculosis, and it should alwa3's be 
searched for. Leriche *•'’ found roentgenologic evidence of puImonar3- 
tuberculosis in all but 2 of a series of 24 cases of tuberculous gastric 
ulcers. Roentgenologic evidence of osseous or intestinal tuberculosis 
would be suggestive. Roentgenologists are agreed that it is impossible 
to make a diagnosis of gastric tuberculosis from the roentgenologic 
appearance at a single e.xamination. 
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Lee’s dictum that when the patient is an adult 20 to 40 years of 
age with signs of pyloric obstruction, diarrhea, fever, a movable pyloric 
mass and pulmonary tuberculosis, one should suspect gastric tuberculosis, 
holds good for a majority of cases, but it should be extended to include 
any person who has a digestive disturbance and evidence of tuberculosis 
anywhere in the body. 

• PROGNOSIS 

In considering the prognosis of gastric tuberculosis one cannot regard 
the disease as a clinical and pathologic entity confined to the stomach. 
Gastric tuberculosis is a complication of an infectious process with foci 
elsewhere in the body. It is doubtful if a case of proved primary 
gastric tuberculosis has ever been reported, although a number of cases 
have been reported as such. According to the statistics of Glaubitt and 
Blas,®“ tuberculosis of the stomach is associated with pulmonary tuber- 
culosis in 94 to 100 per cent of cases, with intestinal tuberculosis in 69 
to 91.5 per cent and with tuberculosis of the liver and the lymph nodes 
in 74 and 68.1 per cent, respective^. 

The only satisfactory treatment of tuberculosis depends on I'est, 
fresh air, sunshine and adequate nutrition. Interference with or lack of 
any of these elements is immediately harmful. Gastric tuberculosis 
occurs only as a complication of an already existing tuberculous process, 
and striking as it does at one of the keystones of tuberculosis therapy, 
adequate nutrition, it rapidly endangers the life of the afflicted person. 
The loss of appetite, digestive disturbance, vomiting and diarrhea so 
often produced by gastric tuberculosis result in a loss of strength and 
weight and a degree of dehjfflration that are extremely dangerous to the 
patient already weakened by tuberculosis. Return of normal gastric 
function must be brought about promptly or the lowered resistance of 
the patient will permit an extension of the primary tuberculous focus, 
which may be fatal. Restoration of gastric function can be brought 
about only by surgical methods. If possible, the infected portion of the 
stomach should be removed. If this is not possible, continuity of the 
gastrointestinal tract must be restored by means of a gastroenterostomy, 
which allows nutrition to be maintained with as little interference as 
possible. Gastric operations in cases of tuberculosis are extremely diffi- 
cult and dangerous. The frequent coexistence of a tuberculous process 
involving the transverse colon, the duodenum, the liver, the pancreas an 
the regional lymph nodes further complicates this perplexing surgica 
problem. The possible development of tuberculous bronchopneumonia 
as a result of the anesthesia or of shock incident to the operation 
constitutes a considerable hazard. Even so, the prognosis is infinite; 
better with operation than without. 

60. Bias, M., cited by Lee.== 



CLAGETT-WALTERS— TUBERCULOSIS OF STOMACH 519 


TREATMENT 

The treatment of gastric tuberculosis still leaves much to be desired, 
although with improvements in diagnostic methods patients are seeking 
treatment before the tuberculous process has extended too far for satis- 
factory treatment. It must be admitted that too few patients who have 
gastric tuberculosis are given the benefit of a correct clinical diagnosis. 
However, medical treatment has little to offer, and surgical treatment 
must always depend on what is found at exploration; therefore, the 
patient has little to lose if a diagnosis of a surgical gastric lesion is 
made and prompt surgical attack is carried out. Good’s dictum that 
surgical treatment be prescribed for almost all chronic gastric lesions does 
not seem too radical. 

In all cases of gastric tuberculosis reported up to 1889 the lesions 
were observed at necropsy. In that year Ricard and Chevrier per- 
formed the first surgical operation in a case of gastric tuberculosis. An 
anterior gastroenterostomy was performed. This case stimulated Ricard 
and Chevrier to review the literature on gastric tuberculosis, and iii 
their report they reached the following conclusion in regard to treat- 
ment ; “The knowledge of the pathologic anatomy of the causal lesions 
imposes the abandonment of certain varieties of intervention. Resection 
is useless because impossible, and if attempted would be dangerous.” 
Gastroenterostomy was generally accepted as the treatment of choice 
until 1902, when Koerte performed the first resection of the stomach 
for gastric tuberculosis. A Billroth II type of resection was done. 

The surgical procedure carried out should usually be dictated by 
the findings on exploration. Gastric resection is the treatment of choice 
whenever possible, and gastroenterosotomy should be used only when the 
patient is in bad condition or when resection is contraindicated by 
extensive involvement of other abdominal viscera, generalized peritoneal 
involvement or severe intestinal tuberculosis, Knoflach and Pape col- 
lected 58 cases in which resection was performed. Good results were 
obtained in 36 of these cases. Lee collected SO cases in which gastric 
tuberculosis involved the pylorus. In 51 cases gastroenterostomy was 
performed, and in 19 resection was the procedure carried out. Forty-five 
per. cent of the patients who were subjected to gastroenterostomy were 
well after the operation. Sixty-five per cent of the patients who under- 
went gastrectomy were well after the operation. In all 5 cases observed 
at the clinic the patients have been treated by resection. 

After all, the type of operation preferable is not a matter which 
merits too much consideration, as the operation must depend on the 
pathologic process present and on its extent. In general, resection should 
be performed for any chronic, well localized type of gastric tuberculosis 


61. Koerte, cited by Xcdelec.-^ 
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in which there is not a generalized involvement of the abdominal cavity 
or viscera, extensive pulmonary tuberculosis or a general physical condi- 
tion contraindicating a prolonged operative procedure. 'Gastroenter- 
ostomy usually should be performed whenever resection is not justified. 
Other types of surgical procedure, such as pyloroplasty and gastro- 
duodenostomy, are rarely indicated. 

SUMMARY 

Tuberculosis of the stomach is a comparatively rare gastric lesion. 
Only 368 cases have been reported in the literature. The disease may 
occur at any age but is most common in persons of 35 to 45 years. Males 
are affected twice as frequently as are females. Infection of the stomach 
usually occurs by way of the blood stream but may occur by wa)' of the 
lymphatics, by direct infection of the mucosa and by direct continuity 
or contiguity of structure. There is no completely satisfactory explana- 
tion of the relatively high immunity of the stomach to tuberculosis. The 
chief pathologic types of gastric tuberculosis are: (1) the ulcerating 
type; (2) the hypertrophic infiltrating type; (3) acute miliary dissemi- 
nation ; and (4) extragastric forms involving the stomach. The ulcerat- 
ing type is present in at least 80 per cent of cases. In approximately 
10 per cent of cases of gastric tuberculosis the disease is associated with 
carcinoma. There is no proof of antagonism between carcinoma and 
tuberculosis. The coexistence of the two conditions in the stomach 
seems too high to be entirely coincidental, but no reasonable explanation, 
for this association has been suggested. Clinically, tuberculosis of the 
stomach closely simulates peptic ulcer, gastric carcinoma and gastric 
syphilis. Only rarely can the diagnosis be made before histologic 
examination of the gastric lesion. A positwe diagnosis of gastric tubei- 
culosis can be made only by the demonstration of the tubercle bacillus 
in the lesions. The treatment of gastric tuberculosis should always be 
surgical. Resection of the involved portion of the stomach is the opera- 
tion of choice whenever possible. 
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PATHOGENIC BACTERIA IN THE AIR OF 
OPERATING ROOMS 

THEIR WIDESPREAD • DISTRIBUTION AND THE METHODS OF CONTROL 
■ DERYL HART, M.D. 

DURHAM, ,N. C. 

In a preliminar}^ publication ^ I have shown the presence of patho- 
genic bacteria (predominately Staphylococcus albus and Staphylococcus 
aureus) in the air of the operating rooms of the Duke Hospital. Various 
regulations for reducing the numbers of these bacteria were described, 
the most important of which follow : 

1. Rigid isolation was practiced. No visitors were permitted; the 
personnel of the operating room was kept as small as possible, and no 
one was allowed to enter the rooms when they were not in use. 

2. Large, heavy masks were worn over the nose and mouth by all 
occupants at all times, regardless of whether an operation was in 
progress. 

3. All persistent carriers of Staph, aureus in the nose and throat 
were excluded, and important operative procedures were postponed 
when the contamination of the air was high. 

4. Scrupulous cleanliness was maintained by frequent washing and 
painting and by eliminating air currents from other parts of the hospital. 

5. The concentration of bacteria in the air was diluted by “washing 
out” the room continuousl}’^ during occupancy with a large amount of 
air, which was tak^n from outside the building, where there were few 
if any pathogenic bacteria, and was rendered practically free of non- 
pathogenic fungi, spores and gram-negative bacilli by washing and 
filtering in the air-conditioning S3'Stem. 

In spite of all these precautions, there were rises in the contamina- 
tion of the air with pathogenic bacteria associated with an increase in 

From the Department of Surgery, School of Medicine, Duke Univerfit}', and 
Duke Ho.spital. 

1. Hart, D. : Operation Room Infections: Control of Air-Borne Pathogenic 
Organisms, with Particular Reference to Use of Special Eactcricidrd Radiant 
Energy. .•Xrch. Surg. 34:874-896 (May) 1937. 
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the number of carriers during and following epidemics of infection of 
the respiratory tract. In order to anticipate these periods of increased 
lisk of infection, daily cultures of the air in the operating rooms were 
made. It was usually possible to identify the organism on the culture 
plate exposed to the air during an operation before the same organism 
was recovered from the wound in the occasional case in which infection 
occurred. 

A method of controlling this contamination of the air by the use 
of bactericidal radiation was described in the preliminary report.^ It was 
shown that Petri dishes of blood agar sprayed with the hemolytic Staph, 
aureus and exposed at the operative site could he sterilized within from 
one to three minutes and that at this point the number of bacteria drop- 
ping out of the air could be reduced b}^ from 95 to 100 per cent. This 
intensity of radiation will not give the patient an appreciable burn dur- 
ing an exposure of ninety minutes.- 

As I anticipated, it was soon stated by some physicians that this 
contamination of the air was a local condition and that no pathogenic 
bacteria were present in the air of their operating rooms. Approxi- 
mately fifty surgeons in twenty-five states were asked to make cultures 
in the operating rooms in which they worked, in order to determine the 
extent, and degree of this contamination of the air. Reports were 
received from thirty-two surgeons.® These covered thirty-seven operat- 
ing rooms in thirty-three hospitals located in seventeen states. The 
reports are summarized in the table and demonstrate conclusively the 
widespread, if not universal, presence of pathogenic bacteria in operat- 
ing rooms during occupancy. 

All cultures, unless otherwise designated, u'ere jnade by exposing 
a Petri dish of blood agar to sedimentation from the air for one hour 
during an operation at points 5 feet (150 cm.) and 7 feet (215 cm.) 
from the operative incision and 3 feet (90 cm.) above the floor. These 
were incubated for forty-eight hours; photographs were taken and tl^e 
colonies identified (figs. 1-4), The number of occupants and the dura- 
tion of occupancy before exposure were given in most reports. The 
state was given in all reports except one, in which it was specificall) 
requested that the name be withheld. The table is incomplete in man} . 
respects, but this could not be avoided since there were wide variations 
in the reports sent in from the different hospitals. 

Because of the size of the table, important facts which are demon- 
strated might be overlooked. To emphasize the more important pom s, 


2. With reasonable care it is never necessary to expose any tissue for longc^ 
than this, even in an operation lasting for several hours. In 750 

special precautions were taken to protect the wound, and no patient recen 

3. All names of doctors and hospitals havf> heen 
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Personal Comimmicatioiis Showing the Presence of Pathogenic Bacteria i:: 




li' 


"li 


IV. 


V- 


VI 


Hospital 
State Number 

Illinois 1 

Illinois 2 

Illinois 3 

New York 1 

New York 2 

North Carolina 1 

Massachusetts. 2 

Massachusetts. 2 

South Carolina 1 

South Carolina 1 

Massachusetts. 1 

(Room A) 

Massachusetts. 1 

(Room B) 

Massachusetts. 1 

(Room C) 

^Massachusetts. 1 

[ (Amphitheater) 

Massachusetts. 1 

(Amphitheater) 

Texas 2 

Virginia 1 

Alabama 1 

Alabama 2 

Connecticut.... 1 

Indiana 1 

Iowa 1 

Kansas 1 

Maryland 2 

Maryland l 

1 

Minnesota 1 

(Room A) 

Minnesota 1 

(Room B) 

Missouri 1 

New York 3 

North Carolina 2 

North Carolina 3 

North Carolina 4 

North Carolina 5 

Ohio 1 

Tennessee 1 

Tennessee - 

Texas I 

Texas ^ 

Virginia 2 


Dates 

of 

Exposures 
10/22/36 
11/ 4/36 
10/27/36 
9/26/36 
11/ 4/36 

9/10/36 
10/ 1/36 

9/30/36 
10/ 7/36 

9/30/36 
10/ 7/36 

10/ 7/30 
10/ 7/36 

9/30/36 
10/ 7/36 

9/30/36 
10/ 7/36 

9/30/36 
10/ 7/36 

9/30/36 
10/ 7/36 

9/30/30 
10/ 7/36 

10/ 9/36 
11/ 6/36 

10/28/86 
9/24/36 
. 9/24/36 
10/29/36 
11/ 6/36 

11/.. /SO 
2/11/37 
10/19/36 
9/28/36 
10/.. /36 
10/ 7/36 

10/19/36 

10/21/30 

11/14/36 
10/ 9/36 
10/ 1/30 
9/27/36 
10/15/36 
10/20/36 
11/14/36 
10/12/30 
10/10/36 
10/ 8/36 
10/ 1/36 
10/23/30 
11/.. /36 
11/ 4/30 


Average 

Number 

of 

Occupants 

5+ 

8 


7+ 

10 

9 


Duration of 
Occupancy 
Before 
Making of 
Culture 

60 min. 

00 min. 


Number 

of 

Exposures 

12 

1 


Average 

Number 

of 

Colonies 

per 

Plate* 


26 


Staphylococcus 


Aureus 


Hemo- Nonhemo- 
lytic lytic Albus 

1 9 - 

— — 13 

"S 
15 
22 
IS 


30 

23 

12 


9 

210 min. 

1 

07 

4 

5 

16 

6S min. 

7 

21 

0 

1.1 

9 


4 

36 

0 

3 

11 

120 min. 

10 

22.5 

0.4 

1 

7 

9 

6 

137 

23 

25 


9 

A 

58 

7 

15 



4 

50 

0 

0 

— 


4 

38 

0 

0 

9 

? 

2 

34 

5 

16 

? 

? 

2 

36 

8 

5 

? 

9 

o 

33 

10 

s 

? 

9 

4 

119 

26 

25 

9 

? 

2 

32.5 

9 

12.5 

i to 130 

31 min. 

7 

100 -t 

+ 

-t-f-t 

9 

30 to 60 min. 

10 

93 

5 

37.1 

9 

? 

2 

ISS 

— 

— 

6 

0 min. 

2 

100 

— 

— 

12 

53 min. 

6 

54 

— 

4 

7 

40 min. 

1 

82 

0 

0 

7 

60 min. 

2 

81 

0 

0 

to 10 

60 min. 

2 

lOO-t-t 

-1- 

+ 

7 

60 min. 

16 

00 

(+? 

-f? 33 



2 

54 

0 

0 

12 

180 min. 

1 

115-t 


+ + + + + 

13 

Several 

hours 

2 

07 

10 


11 

60 min.-t- 

2 

GO 

21 


S 


4 


0 

0 

9.5 

3 min. 

2 

56 

0.5 

JtV 

c 


9 

104 

oTo 


7 

120 min. 

1 

35 

o 

0 

4 

5,5 

120 min. 

4 

42 

0.5 


S 

CO 

10.3 


-t 

39 


0 

41 


12 


43 min. 
ISO min. 
120 min. 
120 min.-l- 


3 

6 

5 

1 

12 


66 

45 

66 

90 

43 


10 

1.5 

+ 

5 

0 


14 


31 

8 


S9..1 

39.4 

33 
35 

34 
34 


Citrcii- 


S.3 

0.1 


c 



The 


number of colonies per nour of exposure was much lower in the air-conditioned than 



Relatively Large Numbers in Every Hospital Where Cultures Were Taken 


Streptococcus 

X 


Hemo- 

> 

Nouhemo- 


Bacillus 



Comment 

lytic 

lytic 

Fungus 

Subtilis 

Diphtheroid 

Others 

— 






— 

2 

Operating: air washed and filtered 



1 



— 


9 

Operating: air washed and filtered 

1 



2 

— 

— 

19 

Operating: air washed and filtered 

0 

0 

0.,a 

0.5 

3 

1 

Operating: air conditioned 





1 

1.5 

— 

0.5 

Operating: air conditioned 

- 

- 

1.5 

1,5 

0 

0 

Operating: air conditioned 

O.a 

0..) 

- 

- 

- 

35 

Operating: occupied 

0.2 

1 

- 

- 

- 

2.5 

Xot operating: unoccupied 

0 

0 

0.5 





19 

Operating 

0 

O.s.'i 

0.5 

— 

— 

S 

Xot operating 

O.-J 

0 

- 

. — 

— 

1 

Operating 

0.5 

0 

- 

- 

- 

— 

Operating 

0 

0 

- 

- 

- 

2 

Operating 

1 

o 

o 

- 

- 

- 

4 

Operating 

o.i) 

0 

- 

- 

- 

- 

Operating: cultures of supply table covered with sterile 
canopy open at front 

- 

— 

+ 4" 4" 

+ 4-4- + 

- 

4" 4" 4- 4* 

Operating: not all colonics identified 

0 

13.S 

— 

— 

— 

3.1 

Operating: four occupants suiTcring from colds 

— 

— 

— 

— 

4* 

— 

Operating 

— 

— 

— 

— 

— 

— 

Operating 

0 

0 

— 

— 

— 

11 

Operating 

0 

0 

0 

0 ■ 

0 

0 

Operating 

0 

i.n 

— 

— 

_ 

3S.5 

Operating 

0 

0 

4- 

— 

_ 

4- 

Operating 

0 

0 

4- 

4- 

4- 

-1- 

Operating: not all colonies Identified 

n 

0 


2 

2-5 

3 

No note os to occupancy 

— 

— 

— 

— 

— 

4- 

Operating: three wound.s infected with Staph, aureus during 
c.vpo.sure of plates (three weeks) 

0 

0 

— 

— 

— 

— 

Operating: not all colonies identified 

0 

0 

- 

— 

- 

— 

Operating: not all colonics Identified 

0 

0 

+ 


4- 


Operating; colonie? not counted; not all colonics idcntlflfd 

0 

o.r, 

- 

0.5 

5 

— 

Operating: not all colonies identified 

o 

— 

- 

— 

- 

51. .5 

Operating 

0 

c 

— 

- 

— 

- 

Operating 


— 

— 

— 



Operating 

0 

0 

1 

- 

— 

— 

Operating 


0 2 

— 

_ 

— 

$ 

Operating 

0 

0 

4- 

— 

4* 

— 

Operating; not all colonlc.« ldc.ntl/lfd 

■- 

-- 

— 

- 

- 

0 

Operating 

0.: 

•o 0 

— 

— 

— 

13 

Operating 

- 

- 

- 

- 

_ 

— 

Operating; colonici not counted: not all co-o.-ilfs !de:;ti.2e ’. 

— 

— 

1-5 

( . . 

77) 

20 

Operating 
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(b) The organisms given off in the room by the occupants (pre- 
dominantly pathogenic, staphylococci and occasionally streptococci) are 
removed more rapidly by the clean, circulating air from an efficient 
ventilating system. 

II. Other things being equal, the number of pathogenic bacteria in 
the air of a room increases directly with the number of occupants and 



Fig. 2. — Four Petri dishes of blood agar exposed for one hour in four occupied 
operating rooms which were not supplied with washed and filtered air (incubated 
forty-eight hours) : A, Kansas, hospital 1 (table) ; B, Massachusetts, hospital F 
C, Texas, hospital 2 ; D, Virginia, hospital 2. Since the gram-negative bacilli, 
spores and fungi in the outside air have not been removed (fig. 3), they are mi.xed 
with the pathogenic bacteria given off by the occupants of the room. The 
pathogenic bacteria are also in greater concentration than in the room supplied 
by an efficient ventilating S 3 "Stem. (The bacterial count and identification are gi\eii 
in the table.) This figure may be compared with figure 1. 

the duration of occupancy. Conversely, the bacterial count drops directl)' 
in proportion to the length of time the room is unoccupied and close 
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I have shown this also in previous publications * and have demonstrated 
repeatedly that the air in an operating room that has been closed for 
from fifteen to twenty hours is almost free of bacteria. In such a room 
few viable organisms can be stirred up by air currents from electric fans 
directed against the floor. 



Fig, 3. — Removal of bacteria from the air by washing arr'f 
contamination of the clean air by the occupants of the room. 
e.vposcd simultaneously for one hour {A) at the intake for the 
on the roof of the hospital, (Z?) in the washing chamber of ir,- 5 - 
system, (C) at the opening of the supply air duct in the occup:',-: r 
at the opening of the exhaust air duct in the occupied 
incubated for forty-eight hours at 37.5 C. It has been shown f.- -r 
that the relatively nonpathogenic bacteria and fungi present jj; - 
removed by washing and filtering but that the air entering tl,,. . 

room is quickly contaminated with staphylococci. (Hart, Dcr;.; j— 
Jr.; Sterilization of the .-Vir in the Operative Region wit'. 
Fticrgy, Tr. South. S. A. 1193(>] 49:376-101, 1936.) 


Sr/ 


s-/ fij] 



f.y-rr. -r.c 
'■-'Rj'T. C i- 


•1. Hart, D.: Sterilization of Air in Operating Ror,~ ■ 
Radiant Energy, J, Thoracic Surg. 6:45-81 (Oct.) 1935,-5. ^ 
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III. A room with many occupants has a much higher bacterial count 
than an adjoining room with few occupants (fig. 4). This fact I have 
demonstrated repeatedly, and the situation is what would be expected if 
the pathogenic bacteria are given of! by the occupants of the room. 

IV. A canopy over the sterile supply tables is of some value in 
cutting down the contamination of these supplies. This has been demon- 
strated by Truesdale ® and probably by many others. It seems unwise to 
allow sterile supplies to be exposed to sedimentation of bacteria for 
longer than one operation, and even during that time they should receive 
ever}^ protection that can be given. 

V. Onl}'’ one report made an)'’ reference to the prevalence of infec- 
tions of the respirator)'- tract. With four occupants of the operating room 



Fig. 4. — Petri dishes of blood agar exposed for one hour at the same time of 
the year in the same hospital (not supplied with washed and filtered air) ; {^) 
in the amphitheater, ilassachusetts, hospital 1 (table), and (B) in a small operating 
room, Massachusetts, hospital 1, and incubated for forty-eight hours. There are 
three times as many colonies of bacteria on the Petri dish e.\-posed in the amphi- 
theater as on that exposed in the smaller adjoining operating room, which had 
relatively few occupants. 


suffering from colds, the Petri dishes of blood agar e.xposed for one 
hour showed an average of 13.8 colonies of streptococci per Petri dish. 
Only this report stated an appreciable number of the organisms were in 
the air. It is my opinion that in an epidemic of infection of the respita 
tor)' tract, during which the beta hemol)tic streptococcus is present m 
manv noses and throats, these organisms reach the wound and the sten e 
supplies by way of the air and cause the familiar flare-up in the inci ence 
of infections. ' I have shown that the concentration of Staph, aureu.- 

S. Truesdale, P. E.: Operating Room Safeguards, ifod. Hosp. 23:19-21 (M'l 
1924. 
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in the air of the operating rooms at Duke Hospital is proportional to the 
number of carriers present.^ 

VI. During the three weeks covered by the test, with heavy sedi- 
mentation of Staph, aureus from the air (cultures made in hospital 1 in 
a state whose nante was omitted by request), three wounds were infected 
with this organism. For over two years I made daily cultures of the air 
in an attempt to anticipate zny considerable rise in the contamination of 
the air with Staph, aureus, hemolytic or nonhemohlic. During the 
peaks of contamination of the air with this organism the danger of 
infection of wounds was definitely increased. 

VII. The total number of colonies of bacteria sedimenting from the 
air gives some idea of the degree of contamination of the air but is of 
less significance than the number of pathogenic organisms present. In 
this respect air conditioning, by removing most of the nonpathogenic 
organisms from the incoming air and onl}'^ diluting the concentration of 
the pathogens in the room, gives more apparent than actual improvement 
in operating conditions. This statement is not intended to discredit air 
conditioning, which I consider extremely valuable for reducing the con- 
centration of the pathogenic organisms in the air and for eliminating the 
danger of infection from contaminated perspiration. 

VIII. The majority of the pathogenic bacteria reported were staphy- 
lococci. I have found that at times these organisms are present in the 
noses and throats of a high percentage of the population. The large 
number of carriers, together with the resistance of the organism to dry- 
ing, probably accounts for this preponderance. The air as a medium for 
transportation of these organisms to the wound has never received due 
consideration, probably for two reasons; 1. It has been said that the air 
can be ignored as a source of infection of wounds. 2. Because of the 
universal presence of these organisms on the skin, such infections of 
wounds arc usually ascribed to poor technic in handling the skin. In my 
ex]K'ricnce over 90 per cent of infections of wounds arc caused by staph- 
ylococci. I am convinced that in most cases the infection is caused by 
dropping of the organisms in the air into the wound or on the sterile 
supplies that will enter the wound. 

IX. Streptococci were recovered from the air in relatively small 
numbers. This may probably be accounted for by the relatively few 
carriers and the susceptibility of the organism to drying. The organism 
is probably present in the air of the operating room in large number^ 
during epidemics of infection of the respiratory tract, when this organ- 
ism is present in many of the noses and throats. Infections of wound' 

0. From my experience it if fair to a'mtr.c tlcit in einerr.l th.s nnn-.'-r 
t'uli’inc' reporter! trotn these cnlttTref made flnrine the t:i:] are ftntr ti’.an v- e* : 
he the c.-fc if the cnhnrt'f h-ad hctn inadf dnrinn the v.inttr 
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have been traced to carriers of streptococci. Because of the high 
incidence of streptococcic infections of wounds, many- operating rooms 
were closed except for emergency cases during the influenzal epidemic 
of 1918, at which time a large proportion of the population were carriers 
of streptococci. I feel that at such times the streptococci most likely 
reach the wound and sterile supplies by way of the air. 

X. The group which includes all organisms other than stapltylococci 
and streptococci is incomplete, since in many reports no attempt was 
made to identify and count the relativel)'’ nonpathogenic organisms. 

In the Duke Hospital, bj'^ sterilizing the air with bactericidal radia- 
tion, it has been possible to get an operative field from which less than 
one colony per Petri dish per hour of exposure can be cultured. With 
this technic unexplained infections in primary clean incisions have prac- 
tically disappeared. The postoperative course is far smoother; the eleva- 
tion of temperature is much less and of shorter duration; there is less 
soreness in the wound, and the general systemic reaction is -much less 
than when radiation is not used. 

CONCLUSIONS 

Pathogenic bacteria floating in the air and universally present in the 
occupied room are the greatest cause of infection in clean incisions in 
the modern, well run operating room. 

While air conditioning with forced ventilation is effective in reducing 
the amount of contamination of the air, it is highly desirable that the 
remaining organisms in the vicinity of the wound and the sterile supplies 
be killed. . . 

Bactericidal irradiation offers the most effective method of sterilizing 
-the air at the present time and should be used to protect the region of the 
operation and the sterile supplies until some equally efficient and more 
desirable method is made available. 



ACUTE OSTEOMYELITIS OF THE LONG BONES 

OF ADULTS 

ISADORE ZADEK, 

XEW YORK 

Orthopedic surgeons are familiar with acute osteomyelitis in chil- 
dren. It is a clinical entit)' so clearcut that the diagnosis in a tyi)ical 
case may be made with reasonable certainty. Nevertheless, in spite of 
the pioneer work done in an attempt to educate the general ])ractitioncr 
to consider its possibility, acute osteomyelitis is .still treated under the 
mistaken diagnosis of rheumatism or rheumatic fever. It is. I think, 
the most poorly treated of all conditions requiring surgical treatment, 
and great damage is caused by delay in instituting surgical drainage. 

In the reports of cases of acute osteomyelitis, authors have frccpicntly 
included cases of adults, and some have called attention to the fact that 
in the.se cases there was a “difference” in the onset and in the subsequent 
course. No one has had a large c.xpericncc with such cases, and inquiry 
discloses the fact that physicians who have treated many ]>atients with 
acute osteomyelitis have never observed a case in which the condition 
first ai)pcared after active growth had ceased. Indeed. I^obertson ’ 
stated : “This di.seasc is to be found in its primary attack only uj) to 
the age at which the la.st cpiphy.sis unites. It never occurs after fusion 
of the cjiiphysis.” 

The literature on acute osteomyelitis is enormous. I have found 
no article on the ])icturc presented when the onset occurs in adult life. 
Indeed, I have found only one article, by Brass.- related to my subject: 
it covered iirimary osteomyelitis in the aged, obviously an e.xtremely 
limited field. 

The history of acute osteomyelitis in childhood is characteristic. 
The child is extremely ill. There is often preceding trauma, such as 
contusion or sjirain. to the affected parts, and the onset of symptoms 
occurs twenty-four or forty-eight hour.s later. There is usually a ])re- 
ceding or concomitant cutaneous infection or s<ire throat. The patient 
cnmpl.aius of e.xcruciating pain ktcated near the end of .a long bone. 

Re.nd hefnre tlic .XiiKTic.aii OrlhoiK'dic Associ-Tlie:) LinC' hi. Xih. Ten,- 2. 
l«.v. 

1, RotKrifon. D, H.: Acute Sij'tic Osti-oir.vtlitb. M. 1. Av.'tro.’ia 

2. Prao:, E.; Uchcr priinfire Aherfi'=tn’:r.vt;i'.i<. DfirtM'!',;- /tt'.h.r. Ce:r. 
2SC 19.'2. 
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The temperature is elevated, ranging from 104 to 106 F., and there 
may be associated chills. 

The patient is examined cautiously, and it is found that the neigh- 
boring joint is not involved. There is local sensitiveness at the site 
of infection in the bone, usually in the position of the metaphj^sis. The 
skin and the subcutaneous tissue may show slight edema and a pinkish 
tinge if the invoh^ed area of bone is superficial and the condition has 
existed for fort 3 '-eight hours or more. Cellulitis is not present at this 
stage. The white blood cell count is elevated to about 20,000, and the 
percentage of polymorphonuclear leukocytes is increased to 85 or 90. 

I have reviewed the records of 9 cases of acute osteoin 3 'elitis of 
the long bones of adults. Five of the patients in these cases were treated 
b 3 ^ me and 4 by three other surgeons. Seven of these were men and 2 
were women. Compound fracture and the sclerosing osteomyelitis of 
Garre were not included. The following data were obtained at the time 
of admission to the hospital : 


Patient 

Sex 

Age 

Weeks 

Alter 

Onset 

Eectal 
Tempera- 
ture, P. 

White 
Blood Cell 
Count 

Polj-morpho- 

nuclears, 

Percentage 

J. L. 

M 

S9 

O 

100 

10.000 

07 

G. F. 

M 

S2 

s 

104 

29,200 

94 

L. 0. 

M 

ss 

UA 

103.4 

17,750 

86 

W.H. 

M 

00 

6 

99.6 

10,400 

76 

P. W. 

P 

si 

1% 

101.8 

13,000 

22,800 

78 

D. T. 

M 

43 

6 

104 

87 

I. E. 

M 

60 

4 

100 

8,900 

63 

A. L. 

M 

31 

s 

99 

10,600 

72 

M. M. 

F 

19 

20 

99 

8,000 

52 


Average 5% 


ETIOLOGY 

There was a histoiy of trauma in 3 cases. There was no possibility 
of trauma in the other 6 cases. One patient dropped a case of beer on 
his thigh three weeks before the pain brought him to the hospital. The 
second dropped a heavy can, containing some liquid substance, on his 
ankle three weeks before he was seen b 3 '’ me. The third struck his thigh 
against a stepladder three weeks prior to seeking relief for the pain. 
There was no preceding infection or illness in 6 cases, sore throat in 
1 case, mammar 3 '- abscess following lactation in 1 case and phlebitis 
following parturition in 1 case. 

The onset in children is fulminating. In adults the progress o 
the disease is slow and insidious but of gradually increasing intensity. 
(However, at times the onset in adults follows the pattern seen in chil- 
dren.) What is responsible for the diflPerence in manifestation of acute 
osteomyelitis in the child and in the adult? If cases of compound frac- 
ture are omitted from consideration, there must be a positive bio 
culture at some stage in all cases of acute osteomyelitis, even thougi 
no organisms may be observed when culture is made. This is mentione 
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here because many physicians and even surgeons feel that a positive 
blood culture represents an additional complication, whereas, since the 
lesion is metastatic, such a manifestation is a part of the picture at some 
stage of the disease. 

PATIIOLOGV 

The ])athologic changes are principally central and periosteal. The 
involved portion of the central canal is filled with granulation tissue 
and pus. 

If the lesion has existed for a long time this central granulation 
tissue becomes more fibrous. 

The disease may have its origin in the former metaphysial region, 
as is observed with children. It is more likeh" to be in the shaft, since 
there is a more evenly distributed supply of blood to the bone in adults 
than in children, whose vascular activity is concentrated in the region 
of greatest growth. 

The route of spread in the long bones of the adult is principally 
through the central canal, and the changes arc more evident in the 
marrow cavity than in the osseous substance. 

The development of subperiosteal abscess in adult bone is unlikely, 
though pus may be localized about an area in which there is periosteal 
involvement. This is due to the more firm adherence of the periosteum 
to the cortex in fully grown bone, and the accepted theory of spread 
advanced by Choyce “ and modified by Starr does not apply. 

VVlien liie involvement is near the end of the bone in the cancellous 
substance there is a tendency to invasion of the neighboring joint. 
When new periosteal bone is produced it is light in texture and may 
be peeled off the outer part of the cortex readily. There may be pus 
formed about this area of periostitis. Eventually, after operation, the 
bone is restored to a relatively normal appearance, there being little gross 
distortion other than that incidental to operation. 

The disease may be localized in the medullary cavity without the 
usual diffuse involvement seen in childhood. 

There may be a local area of periosteal bone production with pus 
formation intimately associated with barklike thickening on the surface 
of the shaft. There may seem to be but little evidence of further dis- 
ease. Indeed, in 1 case I drained an abscess localized about the shaft 
of the femur and could not convince myself that the shaft should be 
opened, so slight was the reaction. Later I opened the medullary cavit}'^ 
for a considerable distance and found it filled with pus and granulation 
tissue. 

3. Choyce, C. C. : A System of Surgery, London, Cassell & Co., 1912-1915. 

4. Starr, C. L. : Acute Hematogenous Osteomyelitis, Arch. Surg. 4:567 
(May) 1922. 
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Sequestrum formation in these cases (I do not include cases of 
recurrence in which the onset was in childhood) must be an uncomnion 
occuirence. In only 1 case was there a sequestrum necessitating 
removal, and it was small. 

The lesion may be in the shaft of the bone or at the end. The bone 
most likely to be inr'olved is the femur, and the diseased area, the shaft. 

Starr concluded that the lesion usually has its onset in the meta- 
physial region and that when the medullary cavity is involved it is by 
backward extension through the haversian system. 

It is likely that trauma in the adult is as common as in the child. 
The invading bacteria, one ma}^ assume, are the same; therefore, the 
difference in location and spread of the disease is influenced by the 
difference in the architecture of the bones of adults and children. 

In children the vascular channels are more numerous, particularly 
near the ends of the long bones. When the growth disk disappears, the 
channels on the two sides of the barrier become continuous, and vascular 
activity in this region is diminished. 

Of 9 cases the culture showed Staphylococcus aureus in 7 and Strep- 
tococcus haemolyticus in 1. In the remaining case no organisms could 
be demonstrated at the time of operation, five months after onset. The 
infecting organisms had disappeared from the marrow cavity, though 
histologic evidence of chronic inflammation remained. The diagnosis 
in this case was not made until operation was performed five months 
after the onset. The characteristics of the disease in adults and in 
children may be summarized as follows: 


Children 


Adults 


Onset Acute; fulminating 

Pain Excruciating from the onset 


Temperature and wliite Very liigh 
blood cell count 

Preceding infection and Usually present 
trauma 

Roentgen findings Early picture normal; after 

several weeks extensive involve- 
ment, with sequestrums 


Method of extension Prom metaphysis through 

haversian system, subperiosteal 
abscess 


Gradual 

Marked but not well localized: 
increasing in intensity 
Usually moderately elevated 

Usually absent 

Early picture normal; after 
several weeks involvement rela- 
tively localized, without 
sequestrums 

Not through haversian system, 
no subperiosteal abscess 


SYMPTOMS 

Pain is the most constant symptom. It is less severe than that in 
children, though it is often intense. The temperature during the early 
days or weeks is either normal or slightly elevated. The white bloo 
cell count in the early stage is but slightly elevated, and the 
in the percentage of polymorphonuckars is usually slight, ^ater tie 
temperature may be high, reaching 104 F. or more, and the white b oo^ 
cell count and the percentage of polymorphonuclears may be prop. 
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tionatflv incrca^rd. ’I'lu- Ii-sinii olti-n asMimes clironic cliaracteristics 
l)cforo llu‘ correct diaiiiiosis is made, even tlioiiti[li tlic patient may have 
been under tlie observation of competent physicians. Less frequently 
the onset is fnIminatin.Lr. 

In tlie early stages roentgen e.xamination shows no abnormalit}^ ; the 
patholf)jxic picture apiiears more {gradually than with children, requiring 
several weehs to several months for outstanding evidence of disease to 
he .‘•hown. The lesion is localized. There is spottv atrophy of the cortex 
over an area of several inches, and there is associated production of 
periosteal light hone over the .'^ame area if the shaft is involved. There 
may he destruction of the cortex pre.senting as an area of local erosion. 
At the ends of the hones one .sees only spotty atrophy. The new 
periosteal hone jtroduced has a laminated a])])earance at times and may 
he confused with an endothelioma. One docs not encounter the exten- 
sive involucrums that are seen in children. At times roentgenograms 
have suggested a sequestrum, hut in only 1 case did one develop. 


ni.vGXOSis 

'I'he most important point in the diagnosis of osteomyelitis is to 
consider the ])ossihility of its existence. One must not be too strongly 
influenced by the presence of a low blood cell count or by the absence 
of fever. Absence of local trauma does not militate against the diag- 
nosis. A\h’th a comjdaint of intense local pain over a bone, considered 
to be genuine, and with corresponding local sensitiveness without evi- 
dence of other disease or involvement elsewhere in the body, one must 
suspect acute osteomyelitis. An increase in this intense, boring pain 
in spite of jjalliative remedies entitles the patient to an exploratory 
operation. 

TREATMENT 

There is a tendency among certain surgeons toward a “laissez faire” 
attitude even with children, based on the hope that there will be locali- 
zation of an abscess which may be drained. I do not approve of this 
attitude. When one has seen acute osteomyelitis in a child a few hours 
after the onset and has operated on the child, drilling the bone, and the 
lesion has healed without sequestrum formation, one contrasts that pic- 
ture with another observed two weeks after onset, in which three fourths 
of the shaft is involved and the child is subjected to a number of sub- 
sequent operations, with hospitalization and added expense, before 
complete healing ensues. The same thought occurs when one finds 
involvement of one bone neglected and multiple foci in other bones 
occurring as a sequel. There seems to be no tendenc}' to metastatic 
involvement from the original bone focus in adults. One must remem- 
ber that acute osteomyelitis is a serious condition and that death may 



536 


ARCHIVES OF SURGERl 


result from an overwhelming infection. The treatment employed by 
me in all cases has been the Orr method, which is the most comfortable 
and economical for the patient. It requires the least amount of hospi- 
talization. The operative procedure for adults should be the removal 
of a window of cortex about 1 or more inches (2.5 cm.) long and 
or ^ inch (1.3 to 2 cm.) wide instead of the simple drilling carried 
out for children. The only objection to Orr’s method is the odor that 
is present during convalescence. This is offset by its many advantages. 


REPORT OF CASES 

Case 1. — J. L., a man aged 39, was first seen at the Mount Vernon Hospital 
on Jan. 19, 1935, complaining of pain in the left thigh and leg. Three weeks 
previously he had “turned” the left leg and felt some pain in the region of the knee 
At this time he also dropped a case of beer on the left foot. The pain continued. 
There was no redness, heat or swelling. 

Examination showed that the patient was not ill. The rectal temperature was 
100 F. The pulse rate was 75, and the white blood cell count was 10,600, with 
67 per cent polymorphonuclears. There was sensitiveness indefinitely located about 
the left thigh on the medial and the lateral aspect. There was no discoloration or 
infiltration. The circumference of the two thighs was identical. The roentgeno- 
gram showed no abnormality. After two days the patient was discharged. The 
temperature had varied from 99.4 to 100.8 F. It was my impression that he 
had rheumatism. 

He returned to the hospital on Januar 3 ' 29 because the pain had increased He 
was sensitive to deep pressure over the lower third of the left femur. There were 
no signs of infection of the soft parts. The temperature was 99 F. The white 
cell count was 15,600, with 85 per cent polj'morphonuclears. The sedimentation 
rate was 18 mm. in twelve minutes. 

The roentgenograms taken at the time of this admission showed slight produc- 
tion of new periosteal bone with cortical involvement affecting the femoral shaft 
near the junction of the middle and lower thirds (fig. 1). 

I operated on the patient two days after the second admission. The affected 
area was found to consist of new, heaped-up periosteal bone of slight degree with 
perhaps a drachm (3.7 cc.) of thick pus about it. This was drained. I could not 
convince myself that the bone should be opened. Culture of the pus showe 
Staph, aureus. 

No relief was obtained, and on February 3 I explored the femur through a 
long lateral incision. At this time the temperature was 103.2 F. A drill ho e 
just above the external condyle showed pus. Another drill hole 8 inches (20 cm.; 
higher revealed pus in the medullary cavity. The lateral wall of the femur was 
removed, leaving a trough 8 inches (20 cm.) long. The cortex was found so 
The medullary cavity was found filled with pus and granulation tissue. The i 

treatment was carried out. i i Tt a 'as 

At the time of the second operation the knee joint was found distended. 

deemed wise not to open it. .^j. 

The first dressing was done on February 26. The wound was found n 

clean red granulation tissue. mlturcs 

The temperature remained irregularly elevated. Numerous blood 
yielded Staph, aureus. The patient received five transfusions, 
the hospital, on April 22, the wound was healing. There was undoubte j 
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of the knee joint. He was walking with crutches. The knee was relaxed and 
painful. He was given a long caliper brace. 

On July 25 he w'as readmitted to the hospital for a third time, and he remained 
under observation for a few days. The temperature was normal. 

When the patient was seen in the clinic in January 1936, the left knee showed 
slight local elevation of temperature, but there were no other inflammatory sign.s. 
The knee could he flexed to 90 degrees and extended to 180 degrees. The brace 
had been discarded, and the patient was comfortable and working. 

Cask 2. — C. F., a man aged 32, was first seen at the Mount \Trnon Flospital 
Sept. 19, 1930, because of jiain in the left ankle. The onset was insidious. The 



Fig. 1. — Acute osteomyelitis of the left femur, showing localized destruction 
and periostitis. 

temperature was 104.6; the pulse rate was 120; and the white blood cell count was 
29,200, with 94 per cent polymorphonuclcars. Three weeks previously a large can 
containing liquid had fallen on the patient’s left ankle. At the time of admission 
the pain in the left ankle was intense. The patient was acutely ill. 

Examination showed the left ankle to be swollen and red. There were local 
heat and fluctuation in front of the malleoli. There was extreme sensitiveness in 
this region. 

The roentgenogram showed no essential abnormality. A diagnosis of acute osteo- 
myelitis was made, and the patient was operated on immediately after the examina- 
tion. The ankle was opened through several incisions. Four ounces (120 cc.) 
of thick pus was evacuated. Through and through drainage was established. The 
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top of the astragalus was found denuded as was the lower end of the tibia, including 
its articular surface. The culture yielded Staph, aureus. 

The urine showed numerous casts and red blood cells. Blood cultures showed 
Staph, aureus. 

The patient was given transfusions without avail. The temperature after 
operation declined gradually. It remained at 102 F. for several days. Prior to 
death it rose abruptly to 108 F. Death occurred on September 28. 

Case 3. L. C., a man aged 38, was admitted to the Mount Vernon Hospital 
on July 4, 1935. Nine days previously he had had a sore throat. He had had fever 
at this time and had been kept in bed for three days. On the day of onset the 
patient had a chill and noticed pain in both thighs. The pain in the right leg 
continued. The pain in the left leg subsided spontaneously. The pain was in 
the thigh. It did not radiate. It was dull, aching and constant. It was made 
worse by movement of the extremitjA 

Examination showed the patient to be in good condition. The right thigh 
was swollen just above the midportion. In this region, for 4 or 5 inches (10 or 
12 cm.), on the lateral aspect, there was sensitiveness to deep pressure. The soft 
parts were tense, but picking them up between the examining fingers did not 
cause pain. There were no enlarged glands in the groin. The knee and the hip 
were normal. The temperature was 103.4 F. The white blood cell count was 
17,750, with 89 per cent polymorphonuclears. A diagnosis of acute osteomyelitis 
of the right femur was made, and immediate operation was advised. The patient 
would not consent. 

Roentgenograms showed a slight elevation of the periosteum below the lesser 
trochanter. 

On July 5 the patient was operated on. The thigh was explored through a 
long lateral incision. The superficial muscle fibers were red and normal. The 
deeper fibers of the vastus externus were pale. After the structures had been 
split down to the bone, pus was encountered, and 4 ounces of thick pus was 
evacuated. At this time a pure culture of Str. haemolyticus was obtained. The 
periosteum was found injected. It was friable and peeled back easily. Several 
drill holes were made into the medullary cavity. The cortex was softened and 
white, but no pus exuded from the holes. The wound was packed with petrolatum 
gauze, and over the dressings a plaster of pan’s bandage was applied from the 
toes to the groin. A blood culture was negative. 

The patient’s temperature gradually returned to normal, and his further course 
was uneventful. When he was last seen on November 12, his recovery was 
complete. 

Case 4. — W. H., a man aged 22, was first seen by me at the Mount Vernon 
Hospital Oct. 24, 1933. He complained of pain in the right arm of six weeks 
duration. The pain was growing progressively worse. There was no prece mg 
illness or injur 3 \ He had lost 9 pounds (4.1 Kg.) since the onset. There were 
no chills or fever. The pain was localized in the midportion of the arm. 

Examination showed him to be in poor condition. There was a fusiform^ swe mg 
of the right arm just above the midpoint. There was no local heat in this 
but there was sensitiveness over the midportion. ..The skin was not adherent., 
was no infiltration of the soft parts. The temperature was 99.6 F. The w • 
blood cell count was 6,200, with 77 per cent polymorphonuclears. The se im 

tion time was fifty minutes. . ; • t, /c m 1 long, 

Roentgen examination showed an area of rarefaction 2 inches (h c ^ 

involving the middle third of the humerus. There' was involvement ot the 



ZADEK— OSTEOMYELITIS OF LONG BONES 


539 


lary canal but no expansion of the shaft. Slight periostitis was evident about 
the lesion. A Wassermann test of the blood was negative. The urine showed no 
Bence-Jones protein. The diagnosis lay between localized osteomyelitis and 
endothelioma. 

Further roentgenograms were taken, which showed progression of the elements 
noted in the original films (fig. 2). The films were submitted to a group of 
physicians interested in tumors of the bone, who felt that irradiation, which had 
been started, should be continued ; they advised definitely against operation. 



Fig. 2. — Acute osteomyelitis of the right humerus, showing local destruction 
%vith localized periostitis. 


The patient's temperature became slightly elevated and reached 101.6 F. The 
circumference of the right arm was inches (22 cm.) on admission; three weeks 
later the circumference was lOH inches (25 cm.). On this date the white blood 
cell count was 10,400, with 64 per cent polymorphonuclears. 

The patient’s pain, which became more severe, was not completely relieved by 
opiates. 
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On November 6 the humerus was explored. The periosteum was found thick- 
ened, and pus was present about it. The cortex of the bone was softened. A 
window was cut from the humerus in the affected area. Pus and granulation tissue 
were found in the medullary cavity. Drill holes were made into the medullary 
cavity above and below this window, which was inches (4 cm.) long, and 
ounce (14.8 cc.) of thick pus was evacuated. The Orr method was used. 
Culture of the pus showed a pure growth of Staph, aureus. 

The patient was last seen on Jan. 28, 1934. At this time he had no symptoms 
referable to the arm. Examination showed cardiorenal disease with incipient 
decompensation. Efforts to trace him later were unsuccessful. 


Case S. — P. W., a woman aged 32, was seen Sept. 26, 1931, because of pain in 
the right knee. The patient had been delivered of a child on July 14. The labor was 
uncomplicated. Six weeks later an abscess developed in one of the breasts. This 
was incised and drained. On September 10 she complained of pain in the right 
knee. An e.xcess of fluid was found in the knee at this time. The rectal tempera- 
ture was elevated to 101.8 F. The pain and swelling subsided in the knee but later 
recurred. 

When the patient was seen by me, the right knee was swollen. It was in 
full extension and could be flexed to 70 degrees. There was an excess of fluid 
in the knee joint, especially in the quadriceps pouch. There was sensitiveness 
generally about the knee, especially about the femoral condyles (and particularly 
the medial condyle). The temperature was 103 F. The pain was acute and was 
localized at the knee. 

Roentgen examination of the knee and the lower half of the femur showed no 
abnormality. The white blood cell count was 13,000, with 78 per cent polymorpho- 
nuclears. Morphine did not relieve the pain. 

On September 30 aspiration was done, and turbid fluid was removed from the 
knee. The puncture wound was sealed with collodion, and the lower end of the 
femur just above the medial condyle was explored. The periosteum was reddened 
and injected. It was split, but no pus was encountered. Drill holes were made into 
the cancellous bone in this region, and at a depth of 1)4 inches (4 cm.) thick, 
creamy pus was encountered. It was under tension and was pulsating. A window 
was cut into the cortex above the inner condyle; the wound was packed with 
petrolatum gauze, and plaster of paris was applied. 

Culture from the pus showed a pure growth of Staph, aureus. 

On October 8 it was necessary to drain the knee through a lateral incision. 
Four ounces (118.3 cc.) of thin pus was evacuated. Culture of this pus also 
showed Staph, aureus. The wound was packed loosely with petrolatum gauze, 
and four Carrel tubes were sewed into it. An aluminum splint was apphe 
posteriorly. 

The patient was given several transfusions. The further course was uneventfu , 
and she made a complete recovery, a normal range of motion in the knee being 
restored. 


Case 6. — D. T., a man aged 45, a dentist, was first seen by Dr. Samuel Ja ss 
on March 17, 1931. The onset had occurred six weeks previously, with pam m 
the right groin. There had been no preceding illness or injury. There were s arp 
pain, fever and chills. At this time the white blood cell count was 22,800, 'w 

87 per cent polymorphonuclears. , 

Roentgen examination, on March 22, of the right hip and femur shoved 

abnormality. 
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Roentgen examination of the same area on March 31 showed mottling of the 
upper third of the femur, with medullary destruction extending from the greater 
trochanter down the shaft for 3 inches (7.5 cm.). There was slight cortical involve- 
ment (fig. 3). 

Culture of the blood on a number of occasions showed Staph, aureus. 

On March 23 operation was performed and drainage instituted for what was 
thought to be gluteal myositis. The patient was given a number of transfusions. 

Roentgenograms of April 4 showed more extensive involvement, with some 
periosteal new bone. 

On April 13 the shaft of the right femur was sauccrized from the tip of the 
greater trochanter downward through two thirds of the shaft. The upper third 



Fig. 3. — Acute osteomyelitis of the right femur, showing spotty atrophy of the 
upper portion of the shaft. 

of the medullary cavity was found filled with pus and granulation tissue. The Orr 
treatment was carried out, a plaster of paris spica being used. 

Culture of the pus showed Staph, aureus. The patient was readmitted to the 
hospital several times for dressings and new plaster of paris spicas. 

Case 7. — I. R., a man aged 60, was first seen by Dr. Samuel Jahss on June 12, 
1934, in the outpatient department of the Hospital for Joint Diseases. He com- 
plained of a dull ache above the right knee, which had been present for four weeks. 
Just prior to the onset he struck the right knee against a ladder. The “aching" 
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followed, continuing day and niglit. At first he did not pay much attention to it 
He used home remedies but obtained no relief. The pain increased so much that 
he could not sleep. The throbbing became severe. 

Examination showed the right knee to be flexed. The lower end of the femur 
was thickened. There was local sensitiveness to pressure on both the medial and 
the lateral aspect of the lower third of the femur. The inguinal glands were not 
enlarged. The temperature on admission was 100 F. The white blood cell count 
was 8,900, with 65 per cent polymorphonuclears. The temperature rose to 102.4 F. 



Fig. 4. — Osteomyelitis of the right femur, showing local destruction wit i 
sequestrum and periostitis. These roentgenograms were made in the only case m 
which a sequestrum was found. 


Roentgen examination showed an ovoid osseous abscess 4 inches (10 cm.) a 
the lower end of the femur. In the cavity was a small sequestrum (fig- 4). 
was light periostitis about the involved area. Operation was planned for t e 
day but was deferred because of a mild infection of the respiratory tmct. 

Operation was performed June 27. The femur was exposed at its ^ 

on the medial and the lateral side. Eight ounces (240 cc.) of pus was 
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when the deep muscles were split. The cortex was found roughened. The marrow 
cavitj' was found filled with pus and granulation tissue. Culture of material from 
the femur showed a pure growth of Staph, aureus. The opening into the bone was 
seen in the roentgenogram to be filled with granulation tissue. A small sequestrum 
was found in the cavity. The shaft was opened for 4 inches (10 cm.) and the 
wound was packed with petrolatum gauze. Plaster of pans was applied from the 
groin to the ankle. After a few da 3 ’s the plaster of paris bandage was removed, 
and Russel skin traction was applied because of a pathologic fracture. Carrel 
tubes were inserted. Diluted solution of sodium hypochlorite was instilled into the 
wound. There was considerable bleeding from the wound, apparently from granu- 
lation tissue. The wound had become contaminated by maggots. On July 19 the 
petrolatum gauze packing was reinserted. On August 8 pockets of pus about the 
wound were evacuated. 

Roentgen e.Nainination on Julj’ 7 showed an oblique fracture of the femur at 
the junction of the middle and the lower third, with overriding. The bone in the 
affected area showed the spotty atrophy of infection in both fragments. 

Blood culture on July 25, 1934, showed Staph, aureus. On Julj' 31 the white 
blood cell count was 19,200, with 54 per cent polyniorphonuclears. 

Roentgenograms of August 2 showed extension of the osseous involvement into 
the fragments of bone. The alinement was fair. 

The patient was given numerous transfusions, but he lost ground. He died 
on August IS of sepsis and bronchopneumonia. 

Case S. — A. L., a man aged 31, was first seen by Dr. John B. Stevens, of 
Syracuse, N. Y., on Aug. 12, 1935, complaining of pain in the upper part of the 
right thigh. He had noticed sudden pain in the right thigh three weeks previously, 
when diving from a raft. He thought he had sprained his leg. He described the 
pain at the time of examination as boring and constant. It was worse at night. 
It was not increased by active use of the leg. At this time he had no fever. The 
phj'sical e.xamination showed no abnormalit}' e.xcept tenderness to deep pressure at 
the junction of the upper and the middle third of the thigh. There was no local 
swelling, nor were there any inflammatory signs. He had lost 10 pounds (4.5 Kg.). 
The hip and the knee joint were free. The temperature was 99 F., and the white 
blood cell count was 10,600, with 72 per cent polymorphonuclears. 

The roentgenogram showed spotty involvement of the femoral shaft at the 
junction of the middle and the lower third, with destruction of bone and light local 
new periosteal bone formation (fig. 5). 

Operation was performed Aug. 14, 1935. An area of rough, sclerotic bone 
was encountered. As this was removed, a drachm (4 cc.) of pus was evacuated. A 
gutter was cut into the femur. The wound was packed with petrolatum gauze. 
Culture of the pus yielded Staph, aureus. 

The postoperative course was uneventful. 

Case 9. — M. M., a woman aged 19, was first seen by Dr. Harry ^inkelstein Dec. 
28, 1936, at the Hospital for Joint Diseases, complaining of pain in the right hip. 
She stated that she had gone through a normal gestation and had been delivered 
of a small baby on August 9. Three days after delivery she noticed severe pain in 
the right hip, for which she was treated with a baking lamp. (The records of the 
hospital stated that she had postpartum phlebitis in the right groin.) She had fever 
at this time, the temperature rising to 103 F. and remaining elevated for a week. 
She was discharged from the hospital where she had been confined after two weeks, 
but she had to go to bed at home because of the pain. She remained in bed for 



544 


ARCHIVES OF SURGERY 


five weeks. She sought relief from the pain and entered another hospital, where 
she remained for three weeks. Roentgenograms were taken and other tests were 
carried out. She was told she had a *‘hole in the bone” but was given no treatment. 
When she went home she was forced to go to bed. 

Examination on admission to the Hospital for Joint Diseases showed that the 
right knee and hip were flexed. The hip was in slight outward rotation. It could 
be flexed to 90 degrees and extended to ISO degrees. It could be abducted to 25 
degrees and adducted to 30 degrees. No internal rotation was permitted. 



Fig. 5. — Acute osteomyelitis of the right femur, showing destruction and 
localized periosteal production of bone. 


A roentgenogram taken on December 30 showed the joint sp^^e of fh 
be narrowed. There was osteoperiostitis in the proximal third of t e em 

dated with spotty areas of rarefaction. g OPO, 

The temperature on admission was 99 F. The white blood cell ^ 

with 52 per cent polymorphonuclears. The temPe^^ture later rose^_^^ 
occasion but for the most part remained at about 100 ^ The 

count on Jan. 19, 1937, was 11,400, with 65 per cent pobmorplionu 
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sedimentation time was fifty-two minutes on Dec. 28, 1936, and thirty-four minutes 
on Jan. 19, 1937, the normal value being forty-five minutes. 

Operation was performed on February 4. The upper end of the right femur 
was exposed througli a lateral incision. A large window was cut in the greater 
trochanter. No pus was found. The bone was softened. Material for culture 
was sent to the laboratory, as was the specimen of bone. The wound was closed 
without drainage. The culture showed no growth. The specimen of bone showed 
that the marrow was fibrosed and infiltrated by chronic inflammatory cells. There 
were large vascular channels in the marrow. Dr. H. L. Jaffe’s diagnosis was 
chronic nonsuppurative osteomyelitis. 


SUMMARY AND CONCLUSIONS 

1. Acute osteom 3 'elitis of the long bones of adults presents a picture 
different from that usuall}'' seen in children. 

2. The onset is insidious, and development of the lesion is gradual 
in all but exceptional cases. 

3. The pain is not so acute as in children and not so well localized. 
Pain is the most constant symptom and usually after many daj^s or 
weeks is extremely acute. 

4. The roentgenographic picture is different from that in children and 
may be confused with that of endothelioma. 

5. The temperature and the blood cell counts are not so high as one 
might expect. 

6. The lesion involves principally the marrow and the periosteum. 
There are spotty atrophy of the cortex and formation of light new 
periosteal bone if the lesion is in the shaft. 

7. The lesion tends to be localized, without formation of sequestrums 
or involucrums. 

8. Operation is indicated as soon as one suspects the presence of 
acute osteomyelitis. 

9. Preceding infection elsewhere in the body is not usual. 

10. There is usually no history of trauma. 

11. The amount of pus present may be slight and may be encoun- 
tered about the thickened periosteum before the shaft is opened. 

12. Extensive saucerization is not usually indicated. 

13. There is a tendency to involvement of the neighboring joint. 

14. As with children, the involvement in adults is preponderantly 
among male patients. 

15. The most important point in the diagnosis is the suspicion of the 
presence of the disease. 

16. There seems to be no tendency to metastatic involvement. 



FIBRIN STONES 

REPORT OF FOUR CASES 


CHESTER D. ALLEN, M.D. 

JOHN W. RAGSDALE, M.D. 

MEMPHIS, TENN. 

Renal calculi have been studied and their cause sought by a host 
of interested workers during the past several years. The bi'illiant inves- 
tigations of Dr. Randall and his co-workers ^ have clearly pointed out 
the morbid processes in the formation of one type of renal stone. That 
there are other pathologic processes capable of producing renal calculi 
is plainl}'’ evident since the resulting bodies in the renal pelvis vary in 
composition and pltysical properties. The following 4 cases are sub- 
mitted because the calculi were strikingly similar and appeared to present 
serial installments of identical pathologic processes. It is admitted that 
4 cases are too few to justify dogmatic conclusions, 3 ^et only by the 
reporting of all cases of this kind will material be made available for 
further stud 3 ^ 

REPORT OF CASES 

Case 1. — M. J. Z., a white man aged 43, had his first attack of pyelitis in 
1934 and passed bloody urine on two occasions thereafter without urinary 
disturbance. The general physical examination, the blood count and the Wasser- 
mann test gave essentially normal indications. Two urinab'ses showed no abnor- 
mality, and a third showed 15 white blood cells per high power field and a trace 
of albumin. The prostate was moderately enlarged, soft and boggy; the vesicles 
were palpable, and the prostatic smear showed from 13 to 25 white blood cells 
per oil immersion film. Cystoscopy revealed granular chronic posterior urethritis 
with polyp of the verumontanum and a moderate median bar. The mucosa of the 
bladder was normal. No obstruction was noted in either ureter. The capacit) 
of the pelvis of the right kidneys was 20 cc. ; urine from this kidney showed a 
white and 10 red blood cells per high power field and a faint trace of albumin, 
and the stained smear of the urinary .sediment showed no bacteria. The capacity 
of the pelvis of the left kidney' was 30 cc. ; urine from this kidney shoi%e 
white and 3 red blood cells and a faint trace of albumin, and the stained 
of the urinary sediment showed no bacteria. The plain roentgenogram o ^ 
kidney', ureter and bladder showed botli kidneys in normal position and no 
shadows suggestive of stones. Pyelograms revealed rather large pehes "i 

1. Randall, A., and Melvin, P. D.: Morphogeny of Renal Calculus, J' 
37:737-745 (June) 1937. Randall, A.; Eiman, J. E., and Leberman, • ^ 
Studies on Pathology' of Renal Papilla : Relationship to Renal Calcu us, 

M. A. 109:1698-1702 (Nov. 20) 1937. 
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normal minor calices. Neither pelvis emptied normally. The patient was treated 
by prostatic massage and urethral irrigations. The polyp was fulgurated and 
the bar resected. The patient’s condition improved markedly. 

He was readmitted to the hospital on July 3, 1935, because of gross hema- 
turia. Physical examination showed no abnormality. Cystoscopic findings were 
as follows ; The neck of the bladder was healed ; no bar was present ; the right 
ureteral opening was swollen ; bloody urine was escaping, and there was no 
obstruction in the ureter. The capacity of the right pelvis was 30 cc. The, plain 
roentgenogram of the kidney, ureter and bladder with a catheter in the right 
ureter showed three faintly opaque masses of irregular shape lying near the 
tip of the catheter. The pyelogram revealed the right pelvis to be slightly 
larger than average with normal minor calices. The ureteropelvic junction was 
dilated to about twice the normal size. Occupying the interior of the pelvis was 
an irregularly shaped negative filling defect, but the filling defect itself was much 
larger than the faintly opaque shadows. This pyelogram was checked twice 
with identical findings (fig. \ A). On July 10 the right kidnej' was explored 
for papilloma of the right pelvis. The pelvis, on being opened, was found to be 
be filled with what was assumed to be a new growth, and a nephrectomy was there- 
fore performed on the right. The patient’s convalescence was uneventful, and 
there was no recurrence of the hematuria. The patient was seen within three 
months of the writing of this report and was in good health. 

The pathologist’s report follows: 

“Microscol>ic Description. — The kidney had been incised when received at this 
laboratory. A mass measuring 3.1 by 1.3 by 0.8 cm. in its greatest thickness 
was present in the pelvis. The mass was dull gray and soft on palpation and 
cutting. A second mass, similar to the first, measured 1.2 by 1.1 by 0.7 cm. 
This mass showed moderate calcification. The pelvis of the kidney showed some 
infiltration by adipose tissue. The mucosa of the renal pelvis, especially its 
lower half, showed considerable congestion. The renal parenchyma showed no 
gross pathologic changes. 

“Macroscopic Description. — In the glomeruli no pathologic change was demon- 
strable. A number of the tubules contained a pink-staining material suggesting 
casts. Sections of the mass in the renal pelvis showed no definite cellular 
structure or nuclei. The material took a light pink stain. Several deep-staining 
small areas had the appearance of an early stage of calcification. 

“Diagnosis. — There was noncellular debris in the renal pelvis, some of it 
beginning to calcify. The renal pelvic area showed some infiltration with fat. 
Inflammation of the renal pelvis was present. The condition was not malignant.” 
(Fig. IB). 

A reexamination was reported as follows : 

“Microscopic Description. — The mass in the renal pelvis consisted of unor- 
ganized debris. The structure appeared to contain occasional blood cells show- 
ing marked degenerative changes. No tumorous tissue was recognized. In the 
area of the pelvis of the kidney some adipose tissue was shown ; there was a 
large number of leukocytes, plasma cells and fibroblasts; fibrous tissue and edema 
were present. 

Diagnosis. — Papilloma of the renal pelvis was not observed. The material 
had the appearance of markedly degenerated debris and blood cells. The renal 
pelvis was infiltrated with adipose tissue, and chronic inflammatory changes and 
fibrosis were present in this area.” 
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Case 2. — F. R. R., a white man aged 43, was admitted on March 11, 1936, 
because of tenderness in the right costovertebral angle, fever and p 3 'uria. Three 
months previously he had had pneumonia. During convalescence marked tender- 
ness in the left costovertebral angle and pyuria had developed. Urologic 
investigation had disclosed a rather large stone in the left renal pelvis and pyelo- 
nephritis on the left. The right kidney had been found normal. The stone, too 
large to be passed, had been removed by peIvioIithotom 3 A The convalescence had 
been stormy, complicated by an acute attack of pyelonephritis on the right which 
necessitated catheterization of the right ureter and irrigation of the pelvis. 
Twenty-four hours prior to the current admission chills, fever and marked sore- 
ness of the right kidney had developed. 



Fig. 1 (case 1). — A, right pyelogram showing a 
B, high power photomicrograph of the mass of fibrin 


mass filling the light pehis 
removed from the right pelvis. 


The general physical examination showed no inflanunation 

of the right kidney, fever and pyuria. Cystoscopy rev _ bladder contained 
of the neck of the bladder and of the mucosa. The urine right 

free pus. The capacity of each renal pelvis was 18 cc ^ ^ 

kidney contained 100 plus white and 8 red ® ® ^ccus, which proved 

for albumin. The stained smear revealed a 50 p,us 

to be a short chain streptococcus. Unne from the left y 
. "hite a»d 8 red blood cells and a Jrace » f ”1™ proved » be 
revealed a gram-negalive bacdlus. On bladder shovrf 

Bacillus coli. The plain roentgenogram of the Jf^ney, ^ right 

both renal shadows to be in their normal posi ion. In h ^ass 

pelvis there was a faint oval shadow 1J4 by /s mch (3.8 by 
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appeared to be laminated. The pyelogram showed the right pelvis to be larger 
than normal ; the minor calices were slightly blunted and dilated, with the ureter 
joining the pelvis at its lowest point. There was a distinct impression of thick- 
ening of the pelvic and ureteral walls. The faintly opaque oval shadow appeared 
as a negative filling defect in the pyelogram and was seen to occupy the renal 
pelvis (fig. 2 A). There was marked pelvic stasis. The left renal pelvis was 
larger than normal. Many of the minor calices were dilated and blunted. The 
ureter was not abnormal. Marked pelvic stasis was present. Analysis of the 
blood showed 34 mg. of nonprotein nitrogen, 15 mg. of calcium and S.S mg. of 
phosphorus per hundred cubic centimeters. There was 30 per cent excretion of 
phenolsulfonphthalein during the first hour and 10 per cent during the second 



Fig. 2 (case 2). — A, right pyelogram showing a mass in the right pelvis. 
B, high power photomicrograph of the mass removed from the right pelvis. 


hour after administration. The infecting organisms did not have the power 
to split urea. The basal metabolic rate was -j- 3 per cent. Pelviolitliotomy on 
the right was performed on July 28. The urine was still infected at the time of 
discharge despite all efforts at eradication of the infection. The stone or mass 
removed from the right pelvis was soft and putty-like with rounded margins ; no 
calcification could be identified by inspection and palpation. 

The pathologist reported as follows : 

Macroscopic Description . — The specimen consisted of a mass of material 
removed from the right renal pelvis and measured 3.7 by 3.2 by 1.2 cm. It was 
yellowish white with small blood-tinged areas on the surface and had the con- 
sistency and appearance of a piece of putty. On being cut into sections, the 
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specimen showed lamination; the center was yellowish white, the next ia 3 ’er 
light brownish yellow and the outer part j'ellowish white. 

Microscopic Description. Considerable fibrin and degenerated debris were 
present. No other cellular elements were shown. Beginning calculous islands 
were shown in many areas. 


"Dioff/iosis.— The material from the right renal pelvis contained no malig- 
nant tissue and showed no evidence of tuberculosis” (fig. 2B). 


Case 3.— J. A. W., a white man aged 46, had his first attack of bilateral 
pyelonephritis in 1927. In spite of constant treatment by competent urologists 
this condition had progressed. In 1935 a stone was removed from the lower 
portion of the right ureter, and in 1936 a large calculus was removed from the 
bladder. He had remained well after a cystolithotomy until the early spring 
of 1937, when he began to suffer from chills, fever, pain, soreness in the left 
kidney and marked p^'uria. On admission, on June 10, 1937, his temperature 
was 102 F., and his pulse rate 108. The leukoctj-e count was 14,000, with 83 
per cent pob’morphonuclears, the hemoglobin 50 per cent, the erythrocyte count 
2,820,000 and the nonprotein nitrogen content of the blood 34.9 mg. per hundred 
cubic centimeters. AnaB'sis of the urine showed alkaline reaction, albumin (4 
plus) and 100 plus white and 15 red blood cells per high power field. Marked 
tenderness was present in the left costovertebral angle, and the left kidney was 
sore when palpated. Cystourethroscopy revealed marked cystitis with pus escaping 
from the left ureteral opening. On introduction of a catheter into the left 
renal pelvis, a large quantity of thick, foul-smelling pus escaped. Drainage 
of the left renal pelvis by catheter was instituted; two blood transfusions were 
given, and fluids were forced intravenously. Under this regime there was 
symptomatic improvement. Roentgen studies revealed the right renal shadow 
to be small. In the region of the left renal pelvis was seen an indefinitely 
shaped mass of faint density. The retrograde left pyelogram showed the opaque 
mediums distributed throughout the renal pelvis in an irregular manner. The 
left renal pelvis was evidently large and filled with some sort of material 
(fig. 3 A). After 20 cc. of diodrast was given intravenously, roentgenograms 
of the kidney, ureter and bladder made at ten, twenty, thirty and forty minute 
intervals, showed a small, atrophic right kidney with a small renal pelvis. The 
shadow of the left kidney was large, and the diodrast was excreted poorlj" by 
this kidney. There was a faint outline of the right renal pelvis in the thirty 
minute film and none of the left renal pelvis in the forty minute film. ^ A 
recheck of the nonprotein nitrogen content showed it to be within normal limits. 

On June 21, 1937, with the patient under spinal anesthesia, the left kidnej 
was exposed. The left renal capsule was greatly thickened; the perirenal at 
was chronically inflamed and indurated, and the lower two thirds of the 'i nQ 
were filled with one large abscess and many small ones. The pelvis was fi e 
with putty-like material. At operation the kidney was decapsulated, the cortica 
abscess excised as completely as possible and the putty-like material ® 

from the renal pelvis. The patient did not react from the operation and le ^ 
the end of twenty-four hours. ^ 

Following is a copy of the pathologic report on the specimens remore a 


operation : 

"Macroscopic Description.— The specimen consisted of six pieces. 
measured 3.2 by 2.1 by 1.2 cm. and had the gross appearance of 
like material. This piece cut readily, broke into debris and appea 
gritt}'. The other five pieces of tissue were of similar appearance 
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from dirty white to yellow. These specimens had the gross appearance of adipose 
•tissue and fat. The smallest of the five pieces measured 3.3 by 2.3 by 1.8 cm., 
and the largest measured 7.4 by 5.6 by 4.2 cm. Sections were taken from all 
pieces in various areas for microscopic study. 

“Microscol'ic Description . — The specimen was made up of a large amount 
of adipose tissue and a large amount of tissue composed of lymphocytes, plasma 
cells and some eosinophils, the eosinophils and plasma cells often being arranged 
in clusters. An occasional blood vessel was shown” (fig. 3B). 

"Diagnosis . — This case was one of soft renal stone (fibrin clot), with beginning 
phosphatic deposits ; there were chronic inflammatory changes involving the renal 
corte.x ; no malignant growth or tuberculosis was present.” 



Fig. 3 (case 3). — A, left pyelogram showing the irregular distribution of 
opaque mediums through the pelvis. B, high power photomicrograph of the mass 
removed from the left renal pelvis. 


Case 4. — E. W. G., a white man aged 36, was admitted on Feb. 22, 1937, 
because of renal colic. The patient had a long history of renal colic on the right, 
pyelonephritis and calculus formation, culminating in nephrectomy on the right 
m the fall of 1936. The convalescence from nephrectomy had been uneventful, 
and the patient had been discharged from the hospital, only to return in February 
1937, complaining of colic on the left side. At the time of admission his temp- 
erature was normal. Analysis of the urine showed an acid reaction, albumin 
(3 plus) and 100 plus white and 20 red blood cells per high power field. The blood 
count was within normal limits ; the phenolsulfonphthalein test showed 32 per cent 
excretion in the first hour and 15 per cent in the second hour, making a total of 
forty-seven per cent. An intravenous pj'elogram showed normal e.xcretion of 
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diodrast. The pelvis was rather large; the minor calices were well cupped, and 
there were no abnormalities in the ureter. Opaque shadows suggestive of calculi 
in the kidney, the ureter or the bladder could not be made out. Shortly after 
admission the patient passed two small, soft and putty-like calculi. Cultures of 
material from these stones showed no urea-splitting organisms. The organism 
identified was B. coli, but the particular type was not determined. Analysis of 
these stones showed them to consist mainly of fibrin and myriads of coliform 
organisms. Efforts to eradicate the infection were unsuccessful, and when last 
seen, in July 1937 , the patient was still passing calculi of a similar structure. 

COMMENT 

These calculi belong to a group classified as fibrin stones. Young - 
and Cabot,® in their separate books on urology, each devoted one short 
paragraph to this type of stone. The literature has been incompletely 
searched, but so far nothing of interest has been found. The common 
pathologic process in the 4 cases reported was inflammation of the 
pelvic mucosa, but no one organism w^as present in all. The bacteria 
were not identified in the first case; in the second, a gram-positive 
coccus, which proved to be a short chain streptococcus, was found; in 
the third, B. coli and Staphylococcus aureus were identified, and in the 
last, B. coli appeared. None of these bacteria could split urea. 

The calculi were similar in all the cases, appearing as soft, putty-like 
slightly yellow masses, which looked faintly opaque .under roentgen rays 
only when large and appeared as filling defects in the retrograde pyelo- 
grams. Sections studied under the microscope showed fibrin and unor- 
ganized debris, with total absence of any cellular structure. In 3 cases 
areas of beginning calcification were seen. In all cases pelvic lavage 
with silver nitrate had been employed, but although silver is precipitated 
as insoluble chloride, chemical analysis of these masses did not show 
any silver. In case 4 the collections of fibrin were so small that the 
patient was able to pass them, and when he was last seen none had 
collected in the renal pelvis. 

Speculating as to the mode of formation of these masses of fibrin, 
one is intrigued by the idea of an exudative inflammation of the rena 
pelvis. Those pelves examined have shown an acute, diffuse, intense 
redness of the mucosa. Sometimes petechial hemorrhages have been 
present. The mucosa seems thickened and gives the impression o 
being edematous. Pelvic stasis was present in each case. With suci 
a condition of the pelvic mucosa, it w^ould seem reasonable to postu a e 
the escape of fairly large quantities of serum into the pelvis witi su^ 
sequent hardening similar to the crusting seen on cutaneous sur aces 

2. Young, H. H., and Davis, D. M. ; Young’s Practice of Urolog), P 
delphia, W. B. Saunders Company, 1926, vol. 1, p. 374.^ 

3. Cabot, H. : Modern Urology, ed. 3, Philadelphia, Lea & e ig • 

vol. 2, p. 605. 
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Oiioo a onisl Itas hoi-n foriiu'cl, tlu' iK'posit of urinary salts, such as the 
(riiilc. jihosphatcs of calcium, would of course occur with varviujt' degrees 
of rapidity. 

According to Berko,' all stc'ues have a matrix of more or less lihriu. 
The stones he examined all had varying degrees of hardness, hut the 
material in the renal pelvis in our cases was soft, |nitty-like or rnhhery 
and did not crush into fragments hut was jilastic ti^ a certain extent, 
like dough, 'Pho sections were cut after the specimen was emheddeil in 
liaraOin without decalciPication. Although careful examination was 
made, no clumps of red hlood cells could he identilied, hut an occasional 
ghost cell could he made out. The strands of lihriu predominated. It 
cannot he donhted that had these masses remained in the ]H’lvis a snlVi- 
cient length of time there would have been dei>osited in them sniiicient 
amounts of the urinary salts to render them hard or at least harder 
than they were at the time of their removal. Another feature worthy 
of note in cases 1 and 2 is the large size of the m.asses and the rapitlity 
of their development. .In both cases pyelograms short periods before 
operation had shown no ahnormality. In case 1 only was gross hema- 
turia one of the symptoms, yet even in this case the mass failed to .show 
clumps of red hlood cells on section. 

SV)M MAUY 

1. Four cases of (ihrin stones have been pre.sented. 

2. A theory as to their formation has been submitted. 

.3, In each case there .seemed to he a difl'erent stage of the disea.se 
or at least a dilTerent .symptomatic jneture of the same basic ixithologic 
process. 


'1. Itcrkc, .1. n.: Nature of Urinary Calculi. .1. Urol. 38:118-1.30 (July) 1037. 



MALIGNANT ENDOMETRIOSIS OF THE OVARY, 
RESEMBLING ARRHENOBLASTOMA 

REPORT OF A CASE IN A GIRL AGED NINETEEN 
C. R. TUTHILL, M.D. 

STATEN ISLAND, N. Y. 

A few years ago Meyer ^ classified certain ovarian tumors according 
to their biologic effects. The tumors were the arrhenoblastoma, which 
produces masculine changes, the granulosa cell, or feminizing, tumor and 
the dysgerminoma, which occurs in women with pseudohermaphrodism 
or poorly developed gonads. Both masculine and feminine features 
occurred in the case of ovarian cyst to be reported, but their relation to 
the cyst is perhaps questionable. 

REPORT OF CASE 

The patient was an Italian girl aged' 19. She came to the hospital complaining 
of a third attack of sharp, continuous abdominal pain of twenty-four hours’ duration, 
which had come at the end of a menstrual period ; the others had preceded the last 
two menstrual periods and had been less severe. During the past year menstruation 
had occurred every three weeks, whereas it had taken place every four weeks 
previously since the age of 14. The change in menstrual frequency was accom- 
panied by the development of a small mass in the lower part of the abdomen. 
According to the patient, the mass did not enlarge and had given no discomfort 
until the last two months. 

Examination showed the patient to be slender and of moderate height. A 
masculine distribution of hair on the body was observed. A fairly thick mustache 
on the upper lip and a small beard on the chin had been present for three years. 
The voice was husky. The breasts were small, and the clitoris was not enlarged. 
Palpation revealed rigidity of the abdomen over a firm globular mass the size of 
a child’s head in the midline. Secondary anemia was present and the leukoc>te 
count was 15,000. The next day a large cyst of the right ovary was removed from 
its attachments to the pelvic wall and to the surrounding structures with difficu t>. 

It was under great tension, and some of the contents escaped info the abdomen. 
The patient recovered and left the hospital in nine days. For four months s e 
worked as a waitress, disregarding the advice that roentgen treatments 
necessary, since a return of the symptoms might be expected. At the en o 
time she was seized with sharp abdominal pain, which subsided when s e 
bed. Two weeks later she entered the hospital, as the abdomen had en arge a 
there was a sensation of stretching of the skin. Examination shoived f e ° 

to be symmetric; the percussion note was dull. The previous p ys’ca 

From the Richmond Memorial Hospital. Hvarien 

1. Meyer, R.: Beitrag zur Frage der Funktion von Turaoren er 

Zentralbl. f. Gynak. 54:2374, 1930. 
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were unchanged. The menstrual periods had continued to occur every three weeks. 
The hemoglobin content of the blood was 45 per cent; the leukocyte count, 13,000. 
A blood transfusion was given and the abdomen was opened. About 2 liters of 
reddish, viscid fluid containing numerous small, fairly firm, reddish slimy masses 
was removed. No growth was attached to any of the abdominal organs, nor was 
metastasis observed. The patient was comfortable for three weeks; then the 
abdomen again became enlarged. She was transferred for roentgen therapy and 
died shortly after admission. Permission for autopsy was not granted. 



FiS- 1- — ^Endometrial glands and stroma in the cyst wall. Some blood cells 
are present in the lumen of the glands and cysts. 


Gross examination of the cyst showed it to be open and 15 cm. in diameter. 
It was divided into two parts by thin fibrous tissue. The wall varied from 0.3 
to 2 cm. in thickness. The thicker part was firm and white, with scattered reddish 
and 3'ellow spots. In one place were a number of small, closely connected clear 
or brownish cysts. The lining of the cyst wall was for the most part thin and 
pale, but in the region in which the wall tapered downward both wall and lining 
were of soft hemorrhagic tissue. The contents of the cyst, except for several 
firm white masses, were thick coagulated blood and clumps of soft, rather 
gelatinous j’ellowish red tissue, attached in places to the cj'st wall. 
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Microscopically, the outer covering of the cyst -was composed of a few layers 
of fibrous tissue with a remnant of ovarian stroma and follicles on the external 
surface. The small area of cysts seen grossly was composed of glandular and 
cystic formations of various sizes, surrounded by thick stroma of fairly regular 
oval and spindle cells but divided by thin fibrous tissue showing numerous hemor- 
rhages. High columnar epithelium with pink-staining cytoplasm formed the 
lining of the glands and the cj’st. The lumens frequently contained red blood 



Fig. 2. — Early malignant change in the glandular cells of the endometrial 
area, with apparently nonmalignant stroma. The cells in one gland are tending 
toward a solid formation. 

cells. This growth was similar to the glands and stroma of the uterine mucosa 
(fig. 1). In places the lining was papillomatous or made up of small round ce^s 
with clear cytoplasm. On the edge of the endometrial area were other glan s vi 
dark irregular cells and nuclei (fig. 2), although the stroma was ' 

unchanged. Solid groups of small round cells staining light red were also presen ^^^ 
the border of this area. The few cells left in the lining of the large 
columnar epithelium, but they were less uniform than those in the en ome na . ^ 

A subepithelial remnant of apparently endometrial stroma occurred m o 
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The rest of the lining had been destroyed by the growth of the cyst wall. This 
was composed of a thin stroma of irregular, pale or deeply staining oval and 
spindle' cells in which w'cre hemorrhagic deposits, occluded vessels and various 
cellular formations. Many of the latter were- closely packed glands or tubules, 
in which the cells had dark polymorphic nuclei and fatty cytoplasm (central 
group, fig. 3). The cytoplasm of the cells in other tubular islands was hyper- 
chromatic, and the tubules frequently contanied red blood cells. Some groups were 
mixtures of poorly formed glands and solid sheets of irregular, moderately large 



Fig. 3.— Cy.st wall. In the stroma of irregular cells are congested vessels, 
hemorrhages and resultant fatty necrosis of the cells in the island of tubular 
carcinoma. 


reddish cells. Other groups contained only hyperchromatic spindle cells in thick, 
formless union. They also occurred as thin bundles between glands and partially 
formed glands of cells with dark oval nuclei and scanty cytoplasm, as in part of a 
group shown in figure 4. These spindle cells among the diverse combinations and 
formations of the cellular islands were similar to the hyperchromatic cells in the 
stroma of the cyst wall. Heavy bundles of them projected into the lumen of 
the cyst but contained many hemorrhagic deposits and were partly necrotic. The 
second growth in the abdomen was formed of dense whorls of hyperchromatic, 
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irregular spindle cells in a thin stroma of similar cells. Its cells resembled both 
the intraluminal cells and the formations in the cyst wall. Glands or tubules 
(the terms have been used interchangeably) were not observed, although it is 
possible that they had been destroyed by necrosis and by hemorrhages. Figure 5 
indicates the type of growth and of cells, many of which show mitosis while 
others show karyorrhexis. 

COMMENT 

Since the area of endometriosis was an integral part of the cyst 
wall, the entire cyst was identified as an endometrial cyst which had 
become malignant. This conclusion is upheld by the abnormal repro- 
duction of the glands and stroma of the endometrial area in the cyst 



Fig. 4.— Carcinosarcomatous group in the cyst wall. The cells of the tubules 
are somewhat similar to the irregular ones in the glands, shown in figure 2. 

wall. Moreover, the change in the shape and size of the cells and their 
nuclei in the outer glands of the endometrial area, as shown in figure 2, 
is proof of early malignancy linking this area -with the malignant grovth 
of the cyst wall. This is further substantiated by the irregular ova 
and spindle cells (fig. 4) which resembled the nonmalignant stroma 
cells (fig. 2) and were similar to the malignant cells (fig- 5). 

The formation of the cyst wall was unusual. However, not only v ere 
the islands of tubular growth, faintly seen in figure 3, similar to 
carcinoma, but the sarcomatous stroma around these tubules an 
partly sarcomatous, partly carcinomatous growth (fig- 4) uere 
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more suggestive of carcinosarcoma of the uterine mucosa. This type of 
growth, although rare, according to Meyer,- may occur in extrauterine 
areas of endometriosis as well as in the uterus. It seems probable that 



_ Fig. 5. — Recurrent abdominal growth of dense groups of hyperchromatic 
spindle cells in a thin stroma of the same cells. Karyorrhexis and mitosis are 
prominent. The cells are not unlike those of the stroma in figure 2 and more 
definitely resemble those seen in figures 3 and 4. 

2. Meyer, R., in Henke, F., and Lubarsch, O. ; Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1930, vol. 7. 
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It may be found in the ovar}^ altliough carcinoma lias been the sole 
malignant tumor reported associated with ovarian endometriosis/ The 
recurrent growth in the abdomen was similar to the group formations 
in spindle cell sarcoma of the uterine mucosa - and may be traced to the 
contents of the cyst. 

However, sarcomatous and tubular growths are not confined to the 
uterine mucosa but are characteristic of ovarian arrhenoblastoina. Of 
the three types of tumor designated by this name, ranging from benign 
tubular adenoma to the type resembling sarcoma, the present ci-st might 
be classified as of the intermediate type, which embraces the features of 
the first and the last. Yet arrhenoblastoina is not sarcoma but a tumor 
of undifferentiated cells that may or may not be malignant. As fatty 
and deep pink— staining round cells are also found and identified as 
interstitial cells, similar ones in the cyst wall might suggest arrheno- 
blastoma. The specificity of these cells to arrhenoblastoma, however, 
has been questioned b}’' Novak and Gray.* In the cyst herein described 
the sheets of pink-staining cells were evideiitl}' derived from the glands, 
and the fatt}'^ ones were the result of circulatory disturbance. Although 
the cyst and the succeeding growth were malignant formations of 
well differentiated cells, some support is given to the consideration of 
arrhenoblastoma by the masculine characteristics of the patient. One 
of these, hirsutism, in the opinion of Novak and Long® and of 
Schiller,® may be found in normal women. Schiller concluded also 
that its presence is not onl}^ variable in arrhenoblastoma but that it 
does not alwa3^s disappear with the removal of the tumor and may be 
associated with all kinds of ovarian growths. As the mother and sister 
of the patient in this case also had fairty heav}^ mustaches and deep 
voices, the hirsutism and the virile voice of the patient were perhaps 
exaggerations of familial traits. The boyish figure in a family of obese 
members might be regarded as a biologic effect of the tumor, but 
the anemia must be considered, as must the occurrence of all tiiese 
characteristics before the recognition of the tumor in the abdomen. 

If the growth were a masculinizing one, its recurrence should not ha^e 
been attended by the unchanged continuit}'' of any biologic effects but b} 
their greater manifestation. Moreover, the only apparent influence of 
the tumor was the increase in frequency of menstruation to once erer} 


3. Sampson, J. A.: Carcinoma of the Ovary, Arch. Surg. 10:1 (Jan.) 9-3. 
Hauser, R. : Carcinom auf der Basis ausgedehnter Endometriose, Ztsc ir. 

Krebsforsch. 43:306, 1936. . . 

4. Novak. E.. and Gray. L. A.: Clinical and Pathologic Differentiation oi 

Certain Special Ovarian Tumors. Am. J. Obst. Sz Gj'nec. 31:216. 1936. , 

5. Novak, E., and Long, J. H.: Ovarian Tumors .Associated with -cmi. 

Changes, J. A. M. A. 101:1057 (Sept. 30) 1933. Tumor. 

6. Schiller, W.: Zur Frage der Spezifitaet vermaenniichcr ovarial i 

Arch. f. Gyniik. 160:344, 1935. 
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three weeks, since this was coincident with the appearance of the 
growth in the abdomen. Such a reaction, however, is symptomatic of 
granulosa cell tumor or of endometriosis rather than of arrhenoblas- 
toma. In this case the menstrual increase was doubtless due to the 
endometrial character of the cyst. 

SUMMARY 

An ovarian cyst which occurred in an Italian girl aged 19 is con- 
sidered a carcinosarcoma arising in an area of endometriosis. A spindle 
cell sarcoma of the t)'pe found in the uterine mucosa recurred in the 
abdomen four months after removal of the cyst. IMasculine distribu- 
tion of hair and a husky voice are considered exaggerated familial 
traits in the patient, since they were present to some extent in the 
mother and sister and since they antedated the recognition of the tumor 
in the abdomen. The growth was accompanied by an increase in fre- 
quency of menstruation during the year preceding its removal. Slender- 
ness and small breasts are perhaps effects of debilitation by the tumor. 



MYOBLASTIC SARCOMA OF THE URINARY 

BLADDER 


EDWIN F. HIRSCH, M.D. 

AND 

BRUCE M. BROWN, M.D. 

CHICAGO 

Sarcomas constitute only a small proportion of the malignant growths 
arising in the urinary bladder. Many varieties of sarcoma are mentioned 
in classified lists, but some names suggest vaguely the parent tissue origin 
or indicate merely a poorly differentiated variety of cell components. 
Only a few muscle tumors are included in these lists. Munwes ^ in 1910 
recorded 5 myosarcomas as occurring among 94 sarcomas of the urinary 
bladder. Hiickel’s ^ review, published in 1934, mentioned the occurrence 
of 8 leiomyosarcomas and 3 rhabdomyosarcomas among 125 sarcomas 
of the urinary bladder. 

The details of cell structure in many descriptions of sarcoma of the 
urinary bladder are meager, especially in descriptions of sarcomas of 
muscle tissue. The latter tumors are of two types, the smooth and the 
striated muscle tumors. When the cells of a rhabdomyosarcoma do not 
become differentiated beyond the myoblastic stage, characteristics other 
than the cross striations are necessary to permit the conclusion that 
the growth originated in skeletal muscle. 

Abrikosoff ^ divided myoblastic tumors into the following four 
types: (1) pure myoblastoma with cells devoid of striations; (2) a 
tumor composed of myoblasts similar to those in the first type of tumor, 
with longitudinal or cross striations, or both, often imperfectly devel- 
oped ; (3) a tumor composed of hypertrophied myoblasts, including some 
of great size, frequently multinucleated, syncytial, with or without stria- 
tions; and (4) malignant myoblastosarcoma, or myoblastic sarcoma, a 
polymorphous cell tumor, structurally resembling the more differentiated 

From the Henry Baird Favill Laboratory of St. Luke’s Hospital. 

1. Munwes, C. : Zur Statistik und Kasuistik der Blasensarkome, Ztschr. 
Urol. 4:837, 1910. 

2. Huckel, R. : Sarcoma der Harnblase, in Henke, F., and Lubarsc , •• 

Handbuch der speziellen pathologischen Anatomic und Histologic, Berlin, Ju lus 
Springer, 1934, vol. 6, pt. 2, pp. 655-667. 

3. Abrikosoff, A. I. ; Ueber Myome ausgehend von der quergestrei en u 

kurlichen Muskulatur, Virchows Arch. f. path. Anat. 260:215, 19 , 

Untersuchungen iiber Myoblastenmyome, ibid. 280:723, 1931. 
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rhabdomyosarcoma. Cappell and Montgomery ^ considered this grouping 
unsatisfactor}'^, for they stated that all variations of cells may be found 
in a single tumor. They suggested that striated muscle tumors be classi- 
fied into two types, those with cross striations and those without. Their 
first type includes (ct) simple rhabdomyoma with well differentiated 
muscle fibers but no primitive or anaplastic forms and {b) malignant 
rhabdomyoma with some cells having distinct cross striations. Their 
second type includes growths the cells of which have the staining quali- 
ties of muscle and morphologicall}'^ contain spindle-shaped and hyper- 
trophied myoblasts. The cells are without striations or have delicate 
sti'iations demonstrable b)'- special stains. This form of tumor corre- 
sponds to the first type in Abrikosoflf’s classification. The muscle tumors 
reported so far, Cappell and Montgomery * stated, have been benign 
except the tumor of the thigh described by Muller ® in 1917, which 
they considered malignant. Cappell and Montgomery concluded that the 
term myoblastoma should be restricted_ to skeletal muscle tumors the 
cells of which have no cross striations. 

In Rakov’s ® recent report on malignant tumors of skeletal muscle 
the descriptive term “malignant rhabdomyoblastoma” was used. The 
tumor cells, he stated, are polymorphic, although the predominant form 
is elongated and spindle shaped. Other tissue elements are poly- 
morphous cells and giant cells. Longitudinal fibers in the elongated 
cells occasionally have cross striations ; pronounced striations rarely 
are found.'^ 

Sarcomas of smooth muscle, according to Geschickter ® and others, 
repeat the histogenesis of this tissue and consist of compactly arranged 
spindle-shaped cells. Geschickter ® stated that sarcomas of striated 
muscle may duplicate the structure of the spindle cell sarcomas of 
smooth muscle or may have the large elongated multinucleated cells of 
the myoblastic stage. 

REPORT OF A CASE 

A white man aged 72 entered the service of Dr. Harry Culver at St. Luke’s 
Hospital on March 6, 1937, because of hematuria and “bladder gravel” for three 
months, associated with frequent voiding, nocturia and dysuria. Litholapaxy 
and transurethral resection of the prostate had been done three years previously, 

4. Cappell, D. F., and Montgomery, G. L. ; On Rhabdomyoma and Myo- 
blastoma, J. Path. & Bact. 44:517, 1937. 

5. Muller, H. R. : Traumatic Rhabdomyosarcoma Following Successive Frac- 
tures of the Femur, J. Cancer Research 2:393, 1917. 

6. Rakov, A. I. ; Malignant Rhabdomyoblastomas of Skeletal Musculature, 
Am. J. Cancer 30:455, 1937. 

7. Hirsch, E. F. : Malignant Rhabdomyoma of the Leg, Arch. Path. 8:9 
(July) 1929. 

8. Geschickter, C. F. : Tumors of Muscle, Am. J. Cancer 22:378, 1934. 
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and one year previously a nephrectomy had been done on the riglit side because 
0 renal concretions and pyonepliritis. Roentgenograms taken soon after tlie 
patient’s admission demonstrated a diverticulum of the urinary bladder and osteo- 
porosis of the pelvic bones; the latter was interpreted as due to metastases of a 
mahgnant^ tumor. ^ He had a nephrectomy scar on the right side with hernia. 
Cystoscopic examination demonstrated an incrusted tumor of the urinary bladder, 
cystitis, obstruction of the neck of the bladder and stricture of the anterior portion 
of the urethra. Surgical suprapubic drainage of the bladder on March 23 gave 
some relief. The patient died on April 26, about four and a half months after 
the onset of hematuria, one year after the nephrectomy and three years after 
transurethral resection of the prostate. 

Postmortem examination was restricted to the chest and abdomen. The essen- 
tials of the anatomic diagnosis were ; extensive diffuse infiltrative myoblastic 
sarcoma of the urinary bladder ; metastatic myoblastic sarcoma of the periaortic 
and abdominal lymph nodes, the lungs, the liver, the right adrenal gland and 
the bodies of the twelfth thoracic and first to fifth lumbar vertebrae; suppurative 
urinary cystitis; acute fibrinous pelvic peritonitis; constriction of the left ureter 
by myoblastic sarcoma; pyoureter, and suppurative pyelonephritis and perinephritic 
abscess on the left side. The urinary bladder, an indurated thick mass, extended 
7.5 cm. above the symphysis pubis. Friable gray tissues bound the bladder to the 
parietal peritoneum anteriorly on the right side. Nodules of gray tumor tissue, 

1 cm, in diameter, roughened the hyperemic posterior surface. Other nodules 
extended into the left groin. The entire lining of the urinary bladder was 
necrotic. Hemisected through the midsagittal plane, the wall (fig. 1) was seen 
to be firm in all portions, with friable gray tissues, ranging in thickness between 
1 and 4 cm. The thinnest portion was in the trigon. Behind the protruding 
tissues between the ureteral openings was a recess. Only a small amount of 
prostate tissue remained. The diameter of the left ureter above the urinary 
bladder was 2.5 cm. Near the bladder the ureter was encased in tumor tissue. 
The ureteral orifice in the bladder was 2 mm, in diameter. The seminal 
vesicles and the vas deferentia had no noteworthy changes. The bodies of the 
twelfth thoracic and of all the lumbar vertebrae contained nodules of metastatic 


tumor tissue. The gross structure of the rami of the right os pubis and of the 
right ilium was unchanged. The amount of red marrow tissue in the ribs was 
small. Each lung had many nodules of metastatic tumor tissue, ranging from 
1 to IS mm. in diameter. They were distributed mainly in the subpleural tissues. 
There were also metastases in the liver varying from 3 to 10 mm. in diameter 
and a nodule in the right adrenal gland 1.5 cm. in diameter. The large left 
kidney contained many abscesses and a cortical retention cyst 6 cm. in diameter. 
There was also a large perinephritic abscess on the left side. The periaortic 


abdominal lymph nodes were enlarged by gray tumor tissue. 

Sections of the primary and secondary tumors were stained witli hematoxylin 
and eosin, phosphotungstic acid-hematoxylin, Mallory’s aniline blue, Jfassons 
trichrome stain. Van Gieson’s stain, Heidenhain’s iron-hematoxylin^ stain an 
Laidlaw’s silver impregnation for reticulum. The edge of the lining o je 
urinary bladder was necrotic. All but small masses of the original smooth muse 
in the wall consisted of tumor tissue. Fine collagenous fibers formed a e ica 
supporting mesh for large and small spindle-shaped cells, 
and large multinucleated giant cells (fig. 2). There was no ^ 

structure, all varieties of tumor cells being combined in different proper ^ 
density. They had the staining qualities of smooth muscle cells, i P 
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shaped cells ranged in size from that of the usual smooth muscle cell to six or 
eight times this dimension. The cytoplasm of the small forms contained an 
elongated or vesicular nucleus with a few fine and coarse chromatin granules. 
The large spindle cells had proportionatelj' more cytoplasm and larger nuclei; 
some had several nuclei. The polymorphous cells varied also in size and shape. 
They had an abundant cytoplasm, oval or lobed vesicular nuclei containing coarse 
and fine chromatin granules and a distinct cell membrane. Large cells with a 
sharp membrane and a single nucleus and multinucleated protoplasmic masses in 
bands were the least numerous cells. Among the tumor cells were many in 



Fig. 1. — Photograph of the urinary bladder hemisected through the mid- 
sagittal plane. The prostatic urethra is shown at the left side of the photograph; 
the cystotomy fistula and the cutaneous tissues of the abdomen are shown above. 
The wall of the bladder in general is markedly thickened by the growth of sar- 
coma tissues. 

mitosis, some in atypical form. The cellular tumor tissue extended through the 
wall of the urinary bladder into the subperitoneal tissues. Many dilated blood 
and lymph channels had thrombi of tumor tissue. The sections stained with 
Heidenhain’s iron-hematoxylin, phosphotungstic acid-hematoxylin, Mallory’s aniline 
blue and Masson’s trichrome stain had sharply contrasted tissues. The collagenous 
fibers formed only a small portion; the myoblastic cells, a considerable portion. 
The cytoplasm of the large spindle-shaped cells and the protoplasmic masses had 
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Fig. 2. — Photomicrographs illustrating three main varieties of myoblastic cells 
in the sarcoma of the urinary bladder; A, large spindle cells; B, polymorphous 
cells, and C multinucleated protoplasmic cells. 
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Fig. 3. — Photomicrographs illustrating the cellular structure of the metastases: 
A^ spindle cells in a nodule of the liver; B, polymorphous and some multi- 
nucleated forms in a lymph node, and C, protoplasmic and other cells in the 
secondary growth of the right adrenal gland. 
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fine longitudinal fibrils, but a thorough search failed to disclose cells with cross 
stnations or cells with concentrically arranged barred fibrils, as described by 
Wolbach.® 

The metastases in the lungs, the liver, the right adrenal gland, the lymph 
nodes and the vertebrae (fig. 3) had similar cellular tissues composed of tumor 
cells in various proportions. 


COMMENT 


The histologic structure and the staining qualities of the tumor cells 
in this malignant growth of the urinary bladder indicate an origin in 
iTiuscle. Myoblasts of various kinds, including spindle-shaped cells, 
polymorphous cells and hypertrophied forms, some of great size, were 
present. Fine longitudinal fibrils were demonstrated in some of the 
spindle cells and in the hypertrophied myoblasts. The search for cross 
striations in these cells was unsuccessful, although sections from many 
regions stained with Heidenhain’s iron-hematoxylin and phospho- 
tungstic acid hematoxylin were examined. 

Leiomyosarcomas arising in the urinary bladder and other viscera, 
according to Geschickter ® and Krauskopf/® contain spindle-shaped cells 
with vesicular, oval or elongated nuclei, but no polymorphous cells or 
large multinucleated protoplasmic masses. The presence of these large 
cell forms suggests the origin of the sarcoma in striated muscle tissues. 
Skeletal muscle tumors of the urinary bladder haA^e been ascribed to 
displaced myotome tissues. Geschickter ® stated that the association of 
rhabdomyomas with smooth muscle in the genital tract may be due to 
metaplasia of voluntary muscle from smooth nonstriated forms. This 
origin is not generally accepted, and such a view is unnecessary because 
of the proximity of skeletal muscle tissues at the base of the urinary 
bladder. 


MacKenzie and Chase found a fcAV published references to malig- 
nant skeletal muscle tumors of the urinary bladder. They described a 
malignant localized rhabdomyosarcoma of the trigon, occurring in a 


woman aged 69 ; there were metastases to the wall of the duodenum, to 
the liver and to the portal lymph nodes. The tumor tissues contained 
many spindle-shaped cells, undifferentiated cells and large multinucleated 
cells. The large cells suggested the myoblastic nature of the growth, 
but cross striations or fibrillations were not found in the cells of the 
tumor. A few cells with cross striations Avere demonstrated in the 


metastases of the liver and the duodenum after search in serial sections. 


9. Wolbach, S. B.: A Malignant Rhabdomyoma of Skeletal Muscle, Arch. 
Path. 5:775 (May) 1928. 

10. Krauskopf, H. : Report of an Unusual Case of Leiomyosarcoma Uccu 

ring in the Urinary Bladder, Am. J. Obst. & Gynec. 24:133, 1932. _ 

11. MacKenzie, D. W., and Chase, W. H.: Rhabdomyosarcoma of the Unna . 
Bladder AAdth Metastases, J. Urol. 19:315, 1928. 
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White described briefly a pedunculated rhabdomyosarcoma excised 
from the urinary bladder of a child. Welfeld, Hill and Hillebrand 
found only 3 reports of malignant skeletal muscle tumors of the urinary 
bladder. These were the report by Houette of a congenital diverticulum 
in the bladder of a boy aged 13 months; the report of a rhabdomyosar- 
coma by MacKenzie and Chase, which has been mentioned; and the 
tumor described b}’’ Monserrat and Garcia as occurring in a man 
aged 43. Welfeld, Hill and Hillebrand described 2 polypoid malignant 
tumors of the skeletal muscle, occurring in children. 

The evolution of the myoblastic sarcoma of the urinary bladder 
here described seems to follow the usual course of sarcomas. Large 
blood channels about the bladder were invaded extensively by tumor 
tissues. These thrombi of tumor tissue doubtless were important in the 
metastatic spread of the disease to the liver, to the lungs and elsewhere. 

SUHMARY 

Myoblastic sarcoma occurs rarely in the urinary bladder. The growth 
described in this report diffusely infiltrated the bladder of a man aged 
72. There were metastases to the lungs, the liver, the right adrenal 
gland, the spine and many lymph nodes. The tumor cells had the 
staining qualities of muscle tissue. They consisted of spindle cells, 
polymorphous cells and large multinucleated protoplasmic cells. Some 
of the large tumor cells had longitudinal fibers. Cells with cross stria- 
tions were not found. 

12. White, H. P. W. : Tumor Removed from a Child’s Bladder, Proc. Roy. 
Soc. Med. 22:1382, 1929. 

13. Welfeld, J. ; Hill, L., and Hillebrand, J. G. : Rhabdomyxosarcoma of the 
Urinary Bladder, J. Urol. 36:150, 1936. 
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Considerable difference of opinion exists regarding the healing 
of tendons and tendon grafts. The principle of Roux states that 
the end result of a transplant in which biologic laws have been observed 
depends largely on whether or not the functional activity for which the 
tissue was originally intended has been assumed early. The tension to 
which the graft should be subjected is also a perplexing problem. 
The postoperative treatment of tendon grafts differs from that of grafts 
in other parts of the body, for example, in skin and in bone. With 
the latter, immobilization is essential in establishing a vascular supply; 
with the former, immobilization tends to form adhesions which defeat ' 
the purpose of the graft. 


historical data 

Until the middle of the eighteenth century, surgeons were largely 
influenced by the opinions of Galen, who taught that tendons are a 
mixture of nerves and ligaments the suturing of which is followed by 
twitchings of pain and by convulsions. It was not until after 1750, 
when Haller demonstrated the insensibility of tendons, that operative 
procedure on them was generally resorted to. Hunter in 1767 was the 
first to study the processes of tendon repair experimentally in dogs. 
He concluded that tendons heal by means of callus produced in a 
manner similar to that by which bone callus is produced. 

Later experimental work led to a number of different theories of 
tendon repair. According to some of these, a formless exudate is first 
produced; then the tendon stumps generate new tendon. The tendon 
sheath was considered by others to be the sole factor in repair. Accord- 
ing to another theory, cells from the blood, wandering into the defect, 
are responsible for the healing process. By another school of thought, 
the connective tissue surrounding the stumps was believed to be the 
most important element in healing. 

From the Surgical Hunterian Laboratory, Johns Hopkins University, School 
of Medicine. 
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Roux (1780-1854) was among the first to stress the importance of 
function in the formation of tendon or tendon-like tissue. This led 
to extensive study of grafts in tendon defects. Kirschner in 1909 pub- 
lished the results of an experimental study of autoplastic tendon and 
fascial grafts. He found that fascia took on the character of tendon. 
Rehn in 1910 studied the effect of transplantations of all sorts of 
tissues grafted into tendon defects or into other areas in which they 
were not subjected to function. He found that nonspecific tissues when 
grafted into tendon defects and subjected to stress and strain took on a 
tendon-like character. 

The first experimental work with fascia in the United States was 
done by J. Staige Davis. He had been working for some time before 
he discovered that lUrschner had just published some work along the 
same line. Davis stated that after looking for suitable tissue which 
was easily obtainable and which had considerable strength and suffi- 
cient flexibility he was led to try the experimental transplantation of 
free flaps of fascia. He performed 62 experiments on 39 dogs. Most 
of the flaps were from the iliotibial bands, and when adhesions were 
not desired the transplant was placed with the inner, or muscle, surface 
exposed. He successfully transplanted free fascia to the subcutaneous 
tissue, to muscle, to periosteum, to naked bone, to cartilage, to tendons 
and to ligaments. He showed that defects in muscle and tendon could 
be bridged by free flaps of fascia. He successfully transplanted free 
flaps of fascia around arteries, veins and nerves without interfering with 
the lumen of the vessels or compressing the nerves. He inserted free 
flaps of fascia in joints, substituted flaps of fascia for the patella and 
sutured bone fragments together. 

He prepared defects in the skull and substituted free flaps of 
fascia; this procedure resulted in the formation of a strong membrane 
between the dura and the edges of the bone. In other experiments he 
removed the dura as well as the bone, and the fascia united firmly to 
the cut edges of the dura. The flap also seemed to serve equally well 
for the repair of tracheal defects. He successfully placed transplants 
in defects in the abdominal wall, suturing flaps of fascia into peritoneal 
and muscle fascia defects. He was also able to cure experimentally 
produced hernias. He tried such grafts in the stomach, the intestines, 
the bladder, the liver, the kidney and the spleen, with apparent success. 
In most of his experiments the transplant was immediately grafted into 
the same animal from which it had been taken. He, however, trans- 
planted into the same animal and into other animals fascia which had 
been kept in an ordinary ice chest at 38 F. for as long as seven da)^s, 
fascia which had been kept in cold storage at 32 F., wrapped in gauze 
and moistened with salt solution, for thirty-five days and fascia which 
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had been kept in cold storage at 32 F. in physiologic solution of sodium 
chloride for fifty-six days. 

In 1911 Dean Lewis and C. B. Davis’ experiments demonstrated 
the difiference in end results between transplantation of tendons into 
subcutaneous tissue and insertion of tendons into tendon defects, so 
that they had to function early. In the former site the tendon transplant 
shrank considerably but retained all the physical properties of tendon 
except for a considerable loss of luster. There was no proliferation of 
the peritendineum such as occurs in transplants made to function early. 

In the past fifteen years fascia has been used successfully in plastic 
and in orthopedic operations and also in other types of operations. 
This was probably brought about by the work of Gallic and Le Men- 
surier, Koontz, Bennett and others. 

Mason and Shearon in 1932, in a thorough study of tendon suture 
and tendon grafts, concluded that in a healing tendon suture union is 
accomplished first by a proliferation of the sheath tissues, which rees- 
tablish continuity in a few days. The tendon begins to proliferate after 
the fourth or fifth day, sending cells into the callus. With autogenous 
tendon grafts a similar process of healing was noted, the only difference 
being that the sheath of the graft and the tendon of the graft remained 
viable and took part in closing the gap between the separate stumps. 

MATERIALS USED TO FILL DEFECTS IN TENDONS 

Catgut, silk, silver wire, tendons and fascia have been used in recon- 
structing tendons. 

The use of foreign materials was often complicated by pi'essure 
necrosis of the skin. At times the neighboring tissues proliferated, 
invaded and limited the function of the new tendon. There are some 
disadvantages in direct transplantation of tendon. In order to prevent 
dysfunction, the amount of tendon to be used for this purpose must 
necessarily be small. Preserved tendon is bulky; it tends to curl up 
and is not very pliable. Its fibers are grouped into stout cords, and 
vascularization of its deeper structures is somewhat hard to establish. 

Fascia is essentially the same kind of tissue as is tendon, but it is 
thinner. It consists of many parallel layers of heavy white fibrous 
tissue, between which are situated a few scattered cells. The fibers are 
arranged in thin sheets and are divided into irregular bundles by areolar 
tissue, which also covers the surface and in which ramified blood vesse s 
and l3anphatics are present. Fascia is an ideal material for trans^ 
plantation. It is thin and is easily permeated by serum: it has grea 
strength. Loops of fascia fastened in a vise have withstood a weipt ^ 

90 pounds (40 Kg.) without breaking, the ends of the fascia slipping 
from the vise first (Lewis, 1917). It has a tensile strength of 
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pounds and 10 ounces (15 Kg.) per inch in width (Ross) or of 7,860 
pounds (3,510 Kg.) per square inch, with an elasticity of well over 91 
per cent (Gratz, 1931). 

Ox fascia (dead) has been used surgically only in comparatively 
recent years. Nageotte and Sencert communicated important funda- 
mental knowledge about heterografts. Koontz has made valuable experi- 
mental and clinical contributions in this field. 

According to Nageotte and Sencert, preserved fascia does not dififer 
essentiall)' from living fascia, because the connective tissue fibers orig- 
inating from living tissue are inert and are indistinguishable from a 
dead graft when studied microscopically. If fascia is preserved in 
alcohol the physical and clinical properties remain the same. The studies 
of these workers indicated that the dead cells of the graft are removed 
by wandering cells from the host, after which fibroblasts from the 
host grow into preexisting connective tissue framework of the graft 
and repopulate it with living cells. In a short time it becomes impossible 
to tell that the graft has ever been dead. If this is true there should be 
no foreign body reaction in the healing of such grafts. Clinically, 
this has been debated by some. Experimentally, Rosenblatt and Meyers 
disagreed with this principle. If all biologic laws have been observed 
and the grafted tissue has been made to function early, absorption should 
not take place. 

The experimental work of Rosenblatt and Meyers indicated that 
there is some absorption of the graft. Wolfsohn agreed with them. 

Haas has studied the mode of union of live and preserved fascia 
with muscle. He stated that the union is as rapid with one as with 
the other; that, microscopically, there is no apparent difference. He 
concluded, however, that live fascia looks more tendinous and less 
edematous than preserved fascia. 

There are two main complications to be considered in the use of 
dead fascia, namely, infection and foreign body reaction. In reports 
of large series of cases, in which it has been used clinically by Koontz 
and others (mainly in the repair of hernias), these complications were 
negligible. 

STATEMENT OF THE PROBLEM 

An endeavor was made to determine whether dead fascia (used to 
fill defects in tendons) will or will not act as a foreign body and whether 
or not absorption occurs. An attempt was also made to study the 
factors which enter into the healing of such defects. 

TECHNIC OF EXPERIMENTS 

Thirty experiments were performed on dogs under general anesthesia. The 
following technic was employed : One of the tendons in the foreleg was e.xposed, 
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and a section was removed from it. A strip of dead (ox) fascia which had been 
preserved in 70 per cent alcohol was then sutured to the tendon stumps by means 
of Frisch sutures of black silk (fig. 1). This type of suture was used because 
it has been shown experimentally by Kimura that it can withstand considerable 
ti action for from three to fifteen hours. It also permits a good approximation 
and does not strangle the tissues when the tendon moves. In some of the animals 
the sheath was removed from the host tendon before a portion of it was resected. 
No casts or other means of immobilization were applied. Five of the animals 
were not available for study because in 3 the incisions broke down and 2 died 
of distemper. 





The animals were killed at intervals of eleven, twenty-cne, twenty-eig ib 
thirty-five, forty-two, fifty-six, one hundred and fifty, one hundred and eigit>, 
two hundred and forty and two hundred and eighty-five days. The fascial gra 
were studied, grossly and microscopically. 


The 

The 


PROTOCOLS OF EXPERIMENTS 

Dog 1 (killed at eleven days).— The fascia was smooth and glistening, 
junction of the tendon and graft was marked by a smooth reddish ban • 
graft was edematous, but there were no adhesions around it. Jficroscopic 
nation showed much edema and also cellular reaction consisting o roun 
and polymorphonuclear cells. There were a large number of ^ 

cells, especially about the silk sutures; young fibroblasts used the silk siitn 
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as an avenue to work into the graft. The proximal and distal ends of the dead 
fascia were edematous, frayed and undergoing absorption; they were being split 
into strands by an ingrowth of fibroblasts. The graft was encircled by young 
fibroblasts as if in a cylinder. From this outer layer, fibroblasts were seen 
working into the interior of the graft. The junction of the graft and the tendon 
was made up of granulation tissue which was fairly dense. The dead fascia, 
therefore, was not acting as a foreign body. 

Dog 2 (killed at twenty-one days). — The sheath of the host tendon was 
destroyed before the graft was implanted. The graft appeared enlarged and 
edematous ; it was firmly united to the tendon stumps. Microscopic examination 



Fig. 2. — Section of graft of dog 1, killed at eleven days. Note the edematous 
graft broken up into strands by ingrowth of fibroblasts from surrounding granula- 
tion tissue. A represents an area of granulation tissue ; B, the graft in process 
of breaking up; C, the silk suture. 


revealed the fact that the graft was being invaded by fibroblasts with extremely 
thin nuclei. These fibroblasts were most marked at the proximal and distal por- 
tions of the graft but were seen in the interior of the graft as well. The graft at 
the proximal end showed a gradual fraying, with definite invasion by granulation 
tissue and especially by fibroblasts, which were bringing about a gradual transi- 
tion between the graft and the host tendon. Part of the graft was being absorbed, 
without the aid of cells, by chemical degeneration. Connective tissue was present 
in great abundance throughout the region. It was becoming compact and laminated 
and was arranged almost in bundles, especially about the periphery of the graft. 
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It was most profuse at the junction of the graft and the tendon. In the granula- 
tion tissue the blood supply was good. In the graft the circulation was virtually 
nonexistent except for capillaries in the newly formed granulation tissue which 
had permeated the graft. The silk had lost some of its consistency, being broken 
up and fragmented. The junction between the graft and the tendon was much 
firmer than in the previous experiment. 

Dog 3 (killed at twenty-one days).— The sheath of the host tendon was pre- 
served. Examination showed a much firmer union between the graft and the 
tendon than was observed in the preceding study, of the same duration, and in 
which the tendon sheath was destroyed. Many more foreign body giant cells 



Fig. 3.— Section of graft of dog 2, killed at three weeks. The tendon sheath 
was destroyed. Note the fibroblastic invasion of the graft, bringing about a 
gradual transition between graft and tendon. A represents an area of granulation 
tissue; B, the graft; C, the silk suture. 

appeared about the silk, which was becoming frayed and pigmented. There vas 
also an infiltration of granulation and fibrous tissue about the silk. A considera s 
amount of new fibrous tissue was present around the graft; this was compact, 
laminated and cellular, indicating marked activity. The graft was invaded throug 
out by fibrous tissue. 

Dog 4 (killed at twenty-eight days).— The sheath of the tendon was ’ 

Union was firm; the graft was glistening; the edges had become roun e a 
smooth. There was a slight infection about the silk sutures. Microscopic.^^^. 
the silk was much more fragmented, and large amounts of it had disappea 
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There was marked polymorphonuclear infiltration about the silk. The graft 
showed a much greater degree of invasion by fibroblasts. In some places the 
body of the graft was almost displaced by this invasion. The small amount of 
graft which still had its original architecture intact was flanked on all sides by 
rows of fibroblasts. 

Dog 5 (killed at twenty-eight days). — The tendon sheath was left intact. 
Around the periphery there was a tremendous amount of proliferation of fibrous 
tissue, probably coming from the sheath of the host tendon. There was a small 
amount of silk surrounded by giant cells. Tbe proximal part of the graft showed 
the greatest degree of infiltration, in other words the most advanced stage of 



Fig. 4. — Section of graft of dog 3, killed at three weeks. The tendon sheath 
was left intact. Note the new fibrous tissue about the periphery of the graft, 
compact, firm, laminated and cellular. It is much more abundant than in the 
graft shown in figure 3. A represents an area of granulation tissue ; B the tendon 
graft. 

substitution. There were no signs of inflammation, and only slight chemical 
destruction and absorption had occurred. 

Dog 6 (killed at thirty-five days). — The tendon sheath was destroyed. Union 
was decidedly firm. Microscopically, little of the graft remained. It was almost 
completely replaced by young laminated fibrous tissue. The silk had become 
fragmented ; there was some foreign body giant cell reaction about it. 

Dog 7 (killed at thirt 3 '-five days). — The tendon sheath was left intact. A 
slight infection was noted about the sutures, but the graft was firm, glistening 



Fig. 5. — Section of graft of dog 4, killed at four weeks. The tendon sheath 
was destroyed. Note the much greater degree of invasion of the graft by fibro- 
blasts. A represents new tissue invading the graft; B, the tendon graft under- 
going invasion; C, the silk suture. 



Fig. 6.-Section of graft of dog 5, killed at four weeks. The tendon 

was left intact. Note the marked amount of represents 

the periphery of the graft, probably coming from the sheath. A 

granulation tissue; B, tendon graft. 





Fig. 8. — Section of graft of dog 7, killed at five weeks.- The tendon sheath was 
left intact. Note that the graft has lost the architectural appearance noted in 
earlier periods and is almost completely infiltrated by fibrous tissue. A represents 
granulation tissue ; B, the tendon graft ; C, the silk suture. 







580 


ARCHIVES OF SURGERY 


and not adherent to the sheath. No definite evidence of the dead graft remained. 
There was an almost complete substitution by young fibrous tissue. 

Dog 8 (killed at fifty-six days). — The sheath was left intact. Grossly, the 
graft was indistinguishable from the tendon except for the silk sutures. Micro- 
scopically, there was no obvious remnant of the graft. There was a large amount 
of laminated fibrous tissue arranged in strands. 

Dog 9 (killed at one hundred and fifty days).— The sheath was left intact. 
Grossly, the graft was indistinguishable from the tendon. Microscopically, there 
had been a complete substitution. 



Fig. 9. — Section of graft of dog 8, killed at eight weeks. Note that there is 
no obvious remnant of the graft. There is a large amount of uniform fibrous 
tissue arranged in strands and laminated. A represents a blood vessel; B, the 
tendon graft. 

Dog 10 (killed at one hundred and eighty days). — The sheath was left intact. 
The graft had not shaped like the others but was smooth, glistening and not 
adherent to the sheath. Microscopically, some of the dead graft was still present. 
The degree of permeation was not as extensive as in the others, which may haie 
been due to the fact that the animal was much older than the other subjects, n 
places, the graft was separated at its periphery from the surrounding structures, 
this shows that there was motion in the graft. 

Dog 11 (killed at two hundred and ten days).— The sheath was left intact. 
Union was firm; the sutures plainly visible; the graft was gliding niccj 


Fig. 10. — Section of graft of dog 9, killed at eight months. Note that no 
evidence of the graft remains. There is moderately dense fibrous tissue. A 
represents the tendon graft; B, a vein. 



I'ig. 11. — Section of graft of dog 15, killed at eight and one-half months. Note 
that a cross section through the graft looks like regular tendon in structure. 
A represents the tendon. 
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sheath. Microscopically, there were no definite signs of the graft. There had 
been a complete substitution by fibrous connective tissue poor^^ cellular activity. 

Dog 12 (killed at two hundred and forty days).— The sheath was left intact. 
It became only slightly adherent; the graft was firmly united. It had become 
rounded and smooth and had acquired the shape of the tendon. Microscopically, 
there was a considerable amount of dead graft left, but it was flanked on all sides 
by a large amount of laminated fibrous tissue. 

Dog 13 (killed at two hundred and forty days). — The sheath was left intact. 
There was no evidence of the graft; there was considerable fibroblastic activity. 

Dog 14 (killed at two hundred and forty days). — The sheath was left intact. 
The animal was the largest subject used. The graft was tremendously hyper- 
trophied and lengthened. It was smooth and glistening. Microscopically, the 
blood supply was better than in the others. There was no evidence of the dead 
graft; not much cellular reaction was noted; there was moderately dense fibrous 
tissue. 

Dog 15 (killed at two hundred and sixty days). — The sheath was left intact. 
Microscopically, there were no definite signs of the dead graft; there were large 



Fig. 12. — End result of the transplant in dog IS. 


amounts of loose areolar tissue. The silk had been broken up and was surrounded 
by fibrous tissue. Cross section showed a regular tendon-like structure. 

Dog 16 (killed at two hundred and eighty-five days). — The sheath was left intact. 
The graft could not be distinguished grossly. Microscopically, there was no 
evidence of the graft. 

SUMMARY 

Twenty-five animals were studied, in which tendon defects had been 
filled with strips of dead (ox) fascia preserved in 70 per cent alcohol. 
The proximal and distal ends of the graft became frayed and edematous 
and were invaded by an ingrowth of young fibroblasts. These later 
Avorked their way into the interior of the graft, so that as a rule after 
forty-two days little evidence of the dead graft, as such, remained. > 
greater degree of fibroblastic activity was noted with the animals jn 
which the tendon sheath rvas kept intact. This rvas especially mar 
about the periphery of the graft and appeared to be the forerunner o^ 
the new sheath of the new tendon. As time went on. the new tusu 
became more compact and laminated. 
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There was no foreign body giant cell reaction except around the 
silk sutures. A small amount of absorption was noted, but not enough 
to have any clinical significance. In other words, the preserved fascia 
was well tolerated. In time there was such a complete substitution that 
it was difficult to tell that the graft had ever been dead. 
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CONGENITAL ANOMALIES OF THE GENITALIA 
ASSOCIATED WITH UNILATERAL 
RENAL AGENESIS 

WITH PARTICULAR REFERENCE TO TRUE UNICORNUATE UTERUS 
REPORT OF CASES AND REVIEW 
OF THE LITERATURE 

HARRIS B. SHUMACKER Jr., M.D. 

NEW HAVEN, CONN. 

Since the middle of the last centurj' a number of authors have called 
attention to the frequent association of congenital anomalies of the 
genitalia and anomalies of the urinar}'^ tract. The numerous reports, 
however, of cases of genital malformation in which no urologic im'esti- 
gation has been carried out and of cases of congenital renal defect in 
ivhich adequate study of the genital system has not been made are 
evidence of the need for reemphasis of the problem. It is my purpose to 
, review the literature and to present 3 illustrative cases ; the first is an 
1 instance of true uterus unicornis; the second, a case of uterus bicornis 
i hicollis, and the third, an example of uterus bicornis unicollis. In each 
\ of these there was total agenesis of one kidney and ureter. 

True uterus unicornis is an unusual abnormality, and its combination 
with renal agenesis is a defect of considerable rarity. I have been able 
to find reported in the literature a total of less than 30 such cases, and 
in only a few of these was the diagnosis established before autopsy. The 
first authentic case is that of Puech,^ reported in 1855. Kussmaul - in 
his classic volume of 1859 cited as an example of true unicornuate uterus 
and renal agenesis a case reported by Chaussier (1817), and almost all 
subsequent reviewers have incorrectly included this. The anomah vas 
in reality a unicornuate uterus with an ectopic kidney on the defectne 
side.® Two other cases are attributed to Rokitansky.'* Paltauf a ec 

From the Department of Surgery, Yale University School of ^ledicine, and 

the New Haven Hospital. _ r t end 

1. Puech, A. : Note sur les anomalies des organes genitau.v, Comp • r 

Acad. d. sc. 41:643, 1855. . nnltinc 

2. Kussmaul, A.: Von dem Mangel, der Verkummerung und Verdopj . 

der Gebarmutter, 'lA'^urzburg, Stahel, 1859. pp. lOS-168. 

3. Chaussier: Bull. Fac. de med. de Paris 5:436, 1817. , - 

4. Rokitansky, cited by Eismayer, G.: Ueber Uterusmissbildim.g ci 

genitalem Mangel einer Niere, Ztschr. f. urol. Chir. 11:191 (Jan.) 1 - • ^ 

5. Paltauf, A.: Zur Kenntnis des Uterus unicornis, l^Ied. Janr • 

Gesellsch. d. Aertze Wien, 1885, pp. 211-256. 
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another case in 1885 ; Winckel ® added 2 cases in 1890, Brackenbury ' 
1 case in 1891 and Urban® 2 cases in 1899. Single cases have been 
described by Naumann,” Delaginiere,^® Pestalozza,^’^ Alglave,^- McCrae 
Tschischtowitsch,^'* Guthrie and Wilson,^® Boehme,^® Rosenthal and 
Oehler.^® Guizetti and Pariset contributed 4 such cases, and Schil- 
ling added 2. In Eismayer’s excellent review is also listed the case 
of Buhl which had been cited by Paltauf. Paltauf apparently did not, 
however, consider the uterus in this case a true unicornuate uterus. 
Two recent instances are those reported by Dannreuther -- and Duncan.-® 
Available data on the 27 cases mentioned are presented in the accom- 
panying table. I har^e been unable to examine the original reports of 

6. Winckel, F. : Lehrbuch der Frauenkrankheiten, Leipzig, S. Hirzel, 1890, 

pp. 293-294. • 

7. Brackenbury, H. B. ; Suppression of Urine in a Case of Single Kidney, 
with an Unusual Malformation of tbe Generative Organs, Lancet 2:869, 1891. 

8. Urban: Berl. klin. Wchnschr. 36:312, 1899. 

9. Naumann, cited by Eismayer, G. : Ueber’ Uterusmissbildung bei kon- 
genitalem Mangel einer Niere, Ztscbr. f. urol. Cbir. 11:191 (Jan.) 1923. 

10. Delaginiere, cited by Bolaffio, M. : Zur Kenntnis der kombinierten Miss- 
bildung des Harn- und Geschlecbtsapparates beim Weibe, Ztscbr. f. Geburtsb. u. 
Gynak. 68:261, 1911. 

11. Pestalozza, cited by Bolaffio, M. : Zur Kenntnis der kombinierten Miss- 
bildungen des Harn- und Geschlecbtsapparates beim Weibe, Ztscbr. f. Geburtsb. 
u. Gynak. 68:261, 1911. 

12. Alglave, P. ; Malformation congenitale de I’uterus et des annexes du cote 
droit; uterus unicorne avec ovaire droit en ectopic dans la fosse iliaque droite. 
Bull, et mem. Soc. anat. de Paris 80:652, 1905. 

13. McCrae, J. : Unilateral Congenital Absence of tbe Paired Genito-Urinary 
Organs, Montreal M. J. 37:177, 1908. 

14. Tscbiscbtowitscb, cited by Eismayer.-i 

15. Gutbrie, D., and Wilson, L. B. : Congenital Unilateral Absence of tbe 
Urogenital System, Ann. Surg. 50:907, 1909. 

16. Boebme, M. : Zwei Falle von abnormer Ausmiindung bzw. Endigung 
der Ureteren mit besonderer Beriicksicbtigung der Symptome, Inaug. Dissert., 
Leipzig, B. Georgi, 1912. 

17. Rosenthal, S. ; Ueber die kombinierten Nieren-Uterusmissbildungen, 
Inaug. Dissert., Heidelberg, T. Berkenbusch, 1913. 

18. Oehler, F. : Beitrag zur Kasuistik des kongenitalen Nierendefekts und 
kongenitalen Nierendystopie, Beitr. z. klin. Cbir. 89:223, 1914. 

19. Guizetti, P., and Pariset, F. : Beziehungen zwischen Missbildungen der 
Nieren und der Gescblechtsorgane, Virchows Arch. f. path. Anat. 204:372, 1911. 

20. Schilling, F. : Vier Falle von Uterus unicornis mit gleichzeitiger anormaler 
Oder feblendcr Anlage einer Niere, Inaug. Dissert., Leipzig, 1917. 

21. Eismayer, G. : Ueber Uterusmissbildung bei kongcnitalem Mangel einer 
Niere, Ztscbr. f. urol. Cbir. 11:191 (Jan.) 1923. 

22. Dannreuther, W. T. : Dextroversion of the Uterus, with Congenital 
Absence of tbe Left Fallopian Tube, Ovary, Broad Ligament, Round Ligament, 
Kidney and Ureter, Am. J. Obst. & Gynec. 6:51 (July) 1923. 

23. Duncan, I. G., in discussion on Gutierrez, R. : Surgical Aspects of Renal 
•Agenesis, Arch. Surg. 27:686 (Oct.) 1933. 
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6 of these. Not listed are 2 other possible instances, reported by Camp- 
bell and Collins,-'' both examples of renal agenesis and unicornuate 
uterus diagnosed at autopsy. In the report of neither of these, however, 
is it stated whether the anomaly rvas a true unicornuate uterus or the 
so-called unicornuate uterus with a rudimentary second horn. In all the 
cases mentioned except those of Dannreuther, Duncan, and Guthrie and 
Wilson the diagnosis was apparently made at autopsy and not by clinical 
and surgical observations during life. In the first 2 of these 3 cases 
pyelograms were not obtained, but findings at laparotomy and at cysto- 
scopic examination gave convincing evidence of renal and ureteral 
agenesis. 

The patients in the cases tabulated varied in age from one day or 
less to 76 years.- The defective development was on the left side in 
about 60 per cent of cases. In 9 instances the ovary and tube were 
described as completely absent on the defective side.-" The ovary was 
ectopic in 11 others,-® usually lying above the pelvic brim. In 2 instances 
it lay in an inguinal hernial sac.-® In 2 the ovary was described as 
small, rudimentary or immature.®* Paltauf * has pointed out, however, 
that in general the ovary on the defective side of a uterus unicornis 
(with or without a rudimentary second 'horn) is likely to be longer, 
though perhaps narrower, than the ovary on the normally developed 
side. Such was the finding in the case of my patient. The fallopian 
tube when present at all on the defective side is almost invariably 
only a short portion of the fimbriated end. The round ligament was 
absent in 3 instances.®^ It is usually present, however, as a small, poorly 
developed structure attached to the cervical portion of the uterus. In 
1 case it was said to have no connection with the uterine body.’^ Winckel 
stated that the broad ligament is absent on the defective side, and this is 
certainly true in general. In a few instances the ligament was described 
as present but only as a thin remnant of the lower portion.^* Where 
an adequate description is given the ovarian ligament is said to extend 
down toward or into the internal inguinal ring. In cases in which the 

24. Campbell, M. F. : Congenital Unilateral Absence of One Kidney: Uni- 
lateral Renal Agenesia, Ann. Surg. 88:1039 (Dec.) 1928. 

25. Collins, D. C. : Congenital Unilateral Renal Agenesia, Ann. Surg. 95:715 
(May) 1932. 

26. (a) Kaumann.® ((;) Guizetti and Pariset.^'’ (c) Scbilling.^o 

27. (n) Urban.® (_h) DUaginiere.^® (c) Pestalozza.’^’^ (d) McCrae.’" (c) 
Tschiscbtowitsch.^'* (/) Guthrie and Wilson. (g) Guizetti and Pariset.*^ (It) 
Dannreutbcr.== (i) Duncan.=^ 

28. (o) Puech.^ (b) Paltauf.-" (f) Brackenbury." (rf) Alglave.’- (c) 
Guizetti and Pariset.w (/) Bocbme.'® (f/) Rosentbal.i- (/i) Oebler.i® (,-) 
Scbilling.=o (/) Sbumacker, this paper. 

29. (o) Oebler.'® (b) Guizetti and Pariset.'® 

oO. (a) Winckel.® (6) Ochler.'® 

31. (a) Winckel.® (b) Oebler.i® (r) Schilling.:® 
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origin of the ovarian vessels 1ms been traced they have been found to 
arise directly from the aorta and the vena cava. The external genitalia 
are almost invariably normal, although occasionally malformed.®^ Other 
congenital anomalies sometimes occur in association with this condition. 

With true unicornuate uterus the menses may be normal, or they 
may be scanty, irregular and painful. As early as 1859, Kussmaul^ 
pointed out that pregnancy and delivery may occur with this anomaly, 
and he cited 4 cases in which 14 pregnancies were reported. Chaussier’s 
patient ® alone had 10 pregnancies. In a number of cases spontaneous 
abortions occurred but it is .impossible from the data available to state 
whether unicornuate uterus predisposes to abortion. Birk^'‘ had a 
patient with unicornuate uterus Avho had three consecutive breech 
deliveries. 

Some idea as to the relative frequency of this abnormality and that 
of the rmrious other congenital anomalies occurring in females is obtained 
from the report of Pfleiderer.^® During a period of twenty years 93 
instances of genital anomalies were seen at the Tubingen Frauenklinik. 
There were 14 instances of rudimentary solid uterus with a solid vagina, 

6 of uterus unicornis with a rudimentary horn, 15 of uterus bicornis 
bicollis with a double or single wagina, 15 of uterus bicornis unicollis, 16 
of uterus septus with a double or single vagina and 27 of uterus arcuatus. 
There was no case of true unicornuate uterus. 

Thus far only true unicornuate uterus has been considered. The 
so-called unicornuate uterus with a rudimentary second horn is met with 
much more commonly and is likewise frequently associated with uni- 
lateral renal agenesis. Kussmaul ^ collected reports of 5 such cases from 
the literature ; Ballowitz 12, and Bolafifio collected 19. It is, how- 
ever, frequently difficult to ascertain from the description in the literature 
whether the given case was one of uterus unicornis with a rudimentary 
horn on the defective side or one of uterus bicornis with a rudimentary 
horn. Eismayer listed all these previously cited cases under the gen 
eral heading of uterus bicornis cum rudimento cornus unius lateris 
described the uterus in all but 4 of them as definitely bicornuate. 


32. (a) Winckel.o (b) Guthrie and Wilson.^s (c) Guizetti and Panset.i 

33. (a) Brackenbury.^ (5) Dannreuther .22 _ _ rTCO-intJan) 

34. Birk, J. W.; Pregnancy in Uterus Unicornis, Illinois M. J. U 

35. Pfleiderer, A.; Ueber Gebarmuttermissbildungen, Monatschr. f. Geburts 

u. Gyniik. 82:401 (Aug.) 1929. „„„,an(rel, 

36. Ballowitz, E. : Ueber angeborenen, einseitigen, vollkommenen iNie 

Virchows Arch. f. path. Anat. 1«:309, 1895. . 

37 . Bolaffio, M. : Zur Kenntnis der kombinierten Missbildungen 
und Geschlechtsapparates beim Weibe, Ztschr. f. Geburtsh. u. }na'. 

1911. 
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added from the literature reports of 11 similar cases. Jung“® and 
Pfleiderer have recently reported additional examples. 

Unicornuate or bicornuate uterus with a rudimentary horn is, then, 
similar to true unicornuate uterus in its frequent association with solitary 
kidney. Additional complications, however, may accompany these anom- 
alies, which are not met with in cases of true unicornuate uterus, namely, 
(1) hematosalpinx and hematometra on the rudimentary side and (2) 
pregnancy in the rudimentary horn. Paltauf ® collected reports of 23 
cases of pregnanc}’’ in the rudimentary horn, in which the condition was 
observed at autopsy. In 14 cases rupture had occurred. Pregnancy 
with rupture is a rather frequent occurrence. Lantuejoul recently 
reported such a case, in which death occurred from rupture. 

Unilateral renal agenesis is also found in association with various 
other anomalies of the female genital tract. Eismayer collected from 
the literature reports of 7 cases in which it occurred in association with 
a defect or maldevelopment of one tube or absence of one tube and ovary. 
In general, it may be stated that when renal agenesis occurs in cases of 
genital anomaly with unilateral defective development, the kidney is 
always absent on the same side with the genital defect. 

Renal agenesis occurs in association with symmetric genital anomalies 
as well as with unilateral defects. Eismayer found 18 cases in which 
the condition occurred in association with rudimentary genital develop- 
ment on both sides. Among these were instances of complete absence of 
the vagina, the uterus and the tubes. A recent case of this type was 
reported by Adams.^® Of particular importance is the occurrence of 
solitary kidney in patients with the relatively common types of double 
uterus. Although the patients in many reported cases of double uterus 
were not subjected to any urologic investigation, there is good reason to 
believe that double uterus is rather frequently associated with unilateral 
renal agenesis. Eismayer collected reports of 40 such cases in 1923. 
In 3 of these the defect was extremely slight (uterus septus or bilocu- 
laris). Cosgrove and Waters'*^ and van Gelderen ■*- have recently 

38. Jung, M. : Ueber den Begriff des Uterus pseudounicornis, Monatschr. f. 
Geburtsh. u. Gynak. 75:131 (Nov.) 1926. 

39. Lantuejoul, P.; Uterus unicorne avec come accessoire rudimentaire ; 
grossesse dans la come rudimentaire ; rupture spontanee. Bull. Soc. d’obst. et de 
gynec. 21:170 (March) 1932. 

40. ^ Adams, E. A. ; Report of a Case of Congenital Single Kidney with 
Associated Absence of Uterus and Vagina, New England J. !Med. 200:1037 
(May 16) 1929. 

41. Cosgrove, S. A., and Waters, E. G. : Eclampsia in a Patient with a 
Duplex Uterus and a Single Kidney. Am. J. Obst. & Gynec. 9:360 (March) 1925. 

42. \an Gelderen, C. : Agenesia renis. Uterus bicornis duplex, Vagina septa 
resp. subsepta, Beitr. z. path. Anat. u. z. allg. Path. 81:213 (Nov. 28) 1928. 
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reported instances of double uterus associated with a single kidney. My 
second and third cases illustrate this t)^pe of congenital malformation. 

Renal agenesis is not the only abnormality of the urinary tract found 
in association with uterus unicornis and the other malformations of the 
genital tract. I have previously referred to the early case of Chaussier.’ 
Paltauf also reported a case of true unicornuate uterus associated with 
an ectopic pelvic kidney on the defective side. Bolaffio "" found in his 
leview of combined renal and genital abnormalities 1 case of true uni- 
cornuate uterus in which the anomaly was associated with a rudimentar)^ 
kidney and 12 in which it was associated with renal agenesis. Uterus 
unicornis with a rudimentary horn, Avas found in association Avith a 
rudimentary kidney in 1 case, with an ectopic kidney in 8 cases and Avith 
a solitary kidney in 19 cases. A double separate uterus Avith a double 
vagina and an ectopic kidney Avere present in 1 case. A rudimentary 
uterus, Avholly or partially solid, Avas found in association Avith an ectopic 
kidney in 16 cases and a solitary kidney in 10 cases. Uterus bicornis 
septus or subseptus Avas associated in 6 instances Avith a rudimentary 
kidney, in 3 with an ectopic kidney and in 25 Avith a solitary kidney. Of 
the cases of uterus introrsum, arcuatus and planifundalis, septus, sub- 
septus and simplex, a rudimentary kidney Avas found in 2, an ectopic 
kidney in 3 and a solitary kidney in 3. Guizetti and Pariset reported 
an instance of fused kidney associated with uterus bicornis unicolHs. 
They had 3 male and 2 female patients Avith congenital malformation of 
the genitalia, associated Avith an ectopic kidney. 

It is exceedingly difficult to estimate the percentage of patients in 
whom renal agenesis is associated with unicornuate uterus or Avith other 
genital anomalies, because of the lack of investigation of the urinary 
tract in many of the reported cases. More data are available concern- 
ing the incidence of genital anomalies among patients presenting unilat- 
eral renal agenesis. 

One of the first authors to collect a large series of cases A\'as Ballo- 
Avitz,®® Avho found 210 cases reported in the literature, to Avhich he 
added 3 of his own. Genital defects Avere more common in females (41 
instances in 71 females) than in males (28 instances in 113 males). 
Among the 41 females Avith anomalies of the genitalia Avere 5 Avith tnie 
unicornuate uterus and 13 Avith unicornuate (or bicornuate) uterus AMti 
a rudimentary horn. 

A number of other authors Avho have subsequently reAuewed the it^ 
erature or har^e presented the results of series of autopsies are Radasc i. 

43. Radasch, H. E. : Congenital Unilateral Absence of the Urogenital Sys^m 
and Its Relation to the Development of the A¥oIffian and IMullcnan uc.. - 
J. M. Sc. 136:111, 1908. 
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Anders/'* Guizetti and Pariset/® Borland/® Eisendratli/® Goldstein/^ 
MacKenzie and Hawthorne/® Campbell/'* Collins and Gutierrez.^® 
Anders added 61 cases from the Philadelphia hospitals to the 225 
reported cases of “genuine single kidney.” Of his own cases, descrip- 
tions of the genitalia were available for 27, in 19 of which some con- 
genital anomaly existed. Of the entire 286, data were available on 135, 
in 94 of which some congenital defect of the genitalia was present (40 
males, 49 females and 5 patients whose sex was not stated). Guizetti 
and Pariset *® encountered unilateral renal agenesis 39 times among 
20,000 autopsies at Parma. There was a complete description of the 
genital organs of only 8 of the 27 males. Onl)^ 1 of the 8, however, 
showed normal development of the genitalia. The most common anomaty 
in his series as well as in other series reported was absence of the ductus 
deferens, the seminal vesicle and the ejaculatory duct on the side on 
which the kidney was absent and sometimes, in addition, absence of the 
body and tail of the epididymis. Eight of the 12 females had some 
genital malformation. Two lacked the vagina and the uterus, 1 had a 
uterus bicornis unicollis and 5 had true uterus unicornis. Of Campbell’s -* 
patients, 1 of 5 males and 2 of 4 females showed anomalies of the 
genital organs. Collins listed a total of 581 cases. Nearly 90 per cent 
of the females and about one fourth of the males had anomalies of the 
genitalia. Gutierrez,'*® Eisendrath*® and others expressed the belief 
that cases other than those in which the condition was true renal agenesis 
have been included in most of the reviews, and Gutierrez estimated that 
from 30 to 40 per cent of the reported cases should be excluded. He 
agreed with others that the incidence of genital anomalies associated 
with solitary kidney is high and that it is higher in females (about 70 
per cent) than in males. He estimated that the incidence of true renal 
agenesis in a series of 92,690 reported autopsies was about 1 in 1,600. 

44. Anders, J. M. : Congenital Single Kidney with Report of a Case : 
The Practical Significance of the Condition with Statistics, Am. J. M. Sc. 139: 
313, 1910. 

45. Borland, W. A. N. : A Consideration of Renal Anomalies, Surg., Gynec. 
& Obst. 13:303, 1911. 

46. Eisendratli, D. N. : Congenital Solitary Kidne 3 % Ann. Surg. 79:206 
(Feb.) 1924. 

47. Goldstein, A. E. : Congenital Absence of One Kidnej-,_ with a Review of 
the Literature and Report of Two Cases, South. M. J. 18:750 (Oct.) 1925. 

48. MacKenzie, D. W., and Hawthorne, A. B. : Unilateral Renal .Aplasia. 
Surg., Gynec. & Obst. 46:42 (Jan.) 1928. 

49. Gutierrez, R.: Surgical Aspects of Renal Agenesis, with Special Refer- 
ence to Hj'poplastic Kidnej', Renal Aplasia and Congenital Absence of One 
Kidney, .Arch. Surg. 27:686 (Oct.) 1933. 
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REPORT OF CASES 

Case 1. Left 'iifents unicornis; right renal and ureteral agenesis; abnormal 
umbilical ligament. 


D. W., a girl aged 13, was admitted to the hospital on Feb. 20, 1937, com- 
plaining of abdominal pain, nausea and vomiting of eight hours’ duration. 

She had felt entirel 3 ' well the preceding day and had eaten nothing unusual. 
About S a. m. on the day of admission she was awakened with mild cramps in 
the lower part of the abdomen. Shortly afterward she passed a norrrial stool ; 
then she became nauseated and vomited. She vomited again an hour later after 
taking sodium bicarbonate and again at noon after drinking a glass of milk. The 
vomitus contained no blood. She had three additional stools during the day; they 
were all soft, formed and brown, without blood or mucus. The cramplike pains 
in the lower part of the abdomen gradually grew more severe until a half hour 
before admission, when they became milder. There remained a diffuse soreness 
of the lower part of the abdomen. There was never any definite localization on 
one side or the other. She had marked anorexia. She presented no cardio- 
respiratory or genitourinary' symptoms. 

The family history ^included no report of congenital or familial diseases. 

The patient had enjoyed good health, although her parents had always con- 
sidered her a delicate child. She had had a number of the usual childhood diseases, 
including scarlatina. A review of sy'stems did not reveal anything remarkable. 
She had never had an attack similar to the present one, but had had fairly 
frequent attacks of “indigestion” which she associated with dietary indiscretion. 
These were characterized by epigastric distress, severe headache and occasionally 
nausea and vomiting. They always subsided within an hour or so with no treat- 
ment beyond rest in bed. The bowels moved regularly two or three times daily; 
the stool was always normal in color and consistency. She had had considerable 
difficulty in overcoming enuresis, but had corrected it several years previously by 
being awakened to urinate at certain inten'als during tbe night, since which time 
she- had had nocturia one or two times. Occasionally she had some urgency to 
urinate, and if micturition were delayed she would sometimes void incontinently'. 


There were no other urinary symptoms. She had never menstruated. 

Examination revealed a nervous, apprehensive child, a little underdeveloped for 
her years. She was uncomfortable but in no great pain. The face was flushed, 
the skin was warm and moist. The chief center of interest was the abdomen. 


It was of normal contour, without distention, visible mass or peristaltic wa\es. 
The umbilicus was normal in appearance. There was tenderness to moderate 
pressure in both lower quadrants, consistently more on the right side than on le 
left and constantly maximal directly' over McBurney’s point. Although tiere 
was no involuntary' spasm, there was a tendency during palpation to splintmn o 
the right lower quadrant and not of the left. There was no cutaneous 
esthesia and no evidence of irritation of the psoas or obturator muscles. 
external genitalia were normal ; the vaginal outlet was virginal. j( 

examination the patient complained bitterly, and she cooperated so poory a 
was impossible to ascertain whether there was any real pelvic peritonea . 

ness. No mass was felt. Bimanually, the internal genitalia were not p^P 
but no particular significance was attached to this count 

examination was so unsatisfactory'. The urine was normal. The ery 
was 5,980.000, and the hemoglobin content 97 per cent. The leuko y 
11,500, with 84 per cent polymorphonudears (27 per cent ’ j. 

cent lymphocytes, 8 per cent mononuclears, 1 per cent eosmop i s 
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basophils. The Kahn test gave a negative reaction. The blood was of group I 
(Jansky). The temperature was 101.4 F. ; the pulse rate, 112; the respiratory rate, 
20, and the blood pressure, 112 systolic and 86 diastolic. 

Although the history and findings were certainly not tj'pical, it was felt that 
the picture was sufficiently suggestive of acute appendicitis to make laparotomy 
advisable. 

A low right rectus incision was made. No free fluid was seen when the 
peritoneum was opened. The appendix was normal in appearance; the cecum and 
ascending colon presented no abnormality ; the ileum showed nothing unusual ; 
Meckel’s diverticulum was not seen, and there was no mesenteric adenitis. There 
was an extraordinary umbilical ligament which divided the pelvis almost com- 
pletely into two parts. Its upper border was attached to the anterior abdominal 



Fig. 1. — Diagrammatic sketch of the umbilical ligament as viewed from within 
the abdomen. 

wall, and along this was a thickened urachus extending from the umbilicus to the 
vertex of the bladder. The ligament was falciform and was of such breadth that 
its lower edge almost touched the pelvic floor throughout its length. Along the 
dorsal border was the thickened, obliterated right umbilical artery, about 0.3 cm. 
in diameter, attached to the umbilicus at its cephalad end and deep on the right 
lateral pelvic wall just beyond the distal portion of the hypogastric artery at its 
caudad. Thus the ligament occupied the midline in its upper portion but swerved to 
the right in its lower portion. It was in reality a large anomalous ligament 
formed by fusion of the median and right lateral umbilical ligaments (fig. 1). 
No left lateral ligament or left umbilical arterj' was found. The ligament was 
retracted with some difficulty, and the pelvic organs were exposed. The uterus 
was a small unicornuate body, firm and cylindric, about 1 cm. in diameter and 
3.5 cm. in length. There was no definite demarcation between its fundal and 
cervical portions. It lay on the pelvic floor, its upper end directed a little to the 
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left. There \yas a thin broad ligament on the left, with small uterine vessels. A 
small round ligament ran from the fundus to the internal inguinal ring. The left 
tube arose at the cornual end and was 4 or S cm. in length; it was normal in 
appearance, with an open fimbriated end. The left ovary was not remarkable; 
it measured about 4 by 1 by 1 cm. and occupied a vertical- position a little higher 
than normal along the pelvic wall. Its ligaments were normal. On the right side 
there was no uterine body and no broad ligament or uterine vessels. The uterine 
serosa was unattached along its right border and was fused over the cervical 
portion with the bladder reflection anteriorly and with the pelvic peritoneal wall 
laterally and posteriorly. The uterus was rotated on its axis to the left, so that 
the left cornual end was a little posterior and to the right. The onlv structure 



Fig. 2. — Diagrammatic sketch of the urogenital anomaly observed in case I. 


on the right side with any connection with the uterine body was a thin string o 
muscular tissue which was identified as the round ligament and which passed from 
the right lateral cervical region across the lower reflection of the bladder a on^ 
the parietal wall near the insertion of the obliterated umbilical arterj- an is 
appeared in the parietal peritoneum near tlie internal inguinal ring. The ng i^ 
ovar 3 ’' was larger than the left (about 5 by 1.5 bj’’ 1.5 cm.) and lay in a 'c iw 
position high above the pelvic brim along the inner side of the cecum. 
entered at its upper lateral margin. From the caudad end a thin ovarian ^ 

extended toward the internal inguinal ring for a distance of from 1.5 to “ 
being fused at that point with the parietal peritoneum. Along the latera 
of the ovary, suspended in its own short mesosalpinx, was the 
the tube, the remainder being absent. It was about 2 cm. in length, win 
fimbriated and open and the other end closed (fig. 2). No ureter nas s 
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right. There seemed no need for interference with the umbilical ligament. The 
appendix was amputated in the usual fashion, its stump being inverted with a 
pursestring suture, and the abdominal wall was closed in layers. 

Postoperatively the patient did well. The wound healed per primam. Intra- 
venous pyelograms (16 cc. of 'diodrast being used) showed a large kidney on the 
left side (12 by 6 cm.) with normal calices, pelvis and ureter (fig. 3). No renal 
shadow was seen on the right side in the plain roentgenogram or during excretion 
of the dye, and no kidney could be palpated on this side. Cystoscopic examination 
was made with a no. 20 posterior sheath cystoscope, which was easily passed. The 
bladder was readily visualized. The mucosa appeared normal, and the bladder 
seemed symmetric. On the left a normal ureteral orifice and ureteral ridge were 
present, while the interureteral bar, the right ureteral ridge and the orifice were 



Fig. 3 (case 1). — Roentgenogram taken five minutes after the injection of 
16 cc. of diodrast. 

absent. Culture of the urine was sterile. The phcnolsulfonphlhalein test revealed 
an excretion of 22 per cent in seven minutes, a total of 57 per cent in one hour 
and 67 per cent in two hours. The patient, under nitrous oxide anesthesia, was 
examined by Dr. H. L. Thoms, who found normal external genitalia and a normal 
small vagina and cervix. The uterocervical canal was measured with a small probe 
and was found to be 3 to 4 cm. in length. The patient was discharged on March 6. 

Case 2. — Uterus biconiis hicaUis; left renal and ureteral agenesis. 

C. W., a girl aged 19, had been born and reared in Cliina. The family history 
was noncontributory. In her second year the patient had an une.xplained acute 
febrile illness. She had had dysentery, measles, mumps, whooping cough and 
otitis media. The menses began at the age of 11 ; they were always irregular and 
rather prolonged and were accompanied by pain, especially on the right side. As 
early as 1931 she was having a great deal of abdominal pain in addition to the 
dysmenorrhea, and in 1932 she had a laparotomy performed in Peiping. A 
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biconiuate uterus was found, and an appendectomy was done. She was examined 
in August 1936 and was found to have compensated mitral stenosis, chronic 
nephritis and severe chlorotic anemia. By October she was having a great deal 
of edema of the ankles. She had had nocturia (two or three times) as long as 
she could remember. She was admitted to the medical service of the New Haven 
Hospital in November for diagnostic study and was readmitted in February 1937. 
She was a short, rather stout girl with a flat nose, a broad face, thick features, 
short arms and legs and obese buttocks and hips. There was an apical systolic 
murmur. The right kidney was palpable, but the left was not. Numerous 
laborator}' studies were done. There was microcytic anemia. Examination of the 
urine revealed albumin, hyaline and granular casts and occasional red cells and 
leukocytes. The urine was loaded with colon bacilli until three weeks before the 
patient’s discharge on May 29. The nonprotein nitrogen content was normal ; the 
total protein content of the plasma was low (4.1 mg. per hundred cubic centi- 
meters). The phenolsulfonphthalein test revealed a total two hour excretion of 55 
per cent but a poor distribution curve during the e.xcretion period. Intravenous 
pyelograms taken on two occasions showed a large kidney on the right and none 
on the left. Because of frequent and profuse menses curettage was performed. 
After a long period of treatment the patient was discharged improved. The 
diagnosis was congenital aplasia of the left kidney; pyelonephritis of the right 
kidney ; uterus bicornis ; endometrial hyperplasia ; and dwarfism from an unknown 
cause, perhaps renal. In June she returned to the gynecologic service because 
of continued and profuse uterine bleeding. Cystoscopic e.xamination showed 
normal vesical muscosa, normal capacity, a normal ureteral orifice and ridge on 
the right side and no ridge or orifice on the left. Because of the continued 
bleeding it was necessary to do a hysterectomy, particularly in view of the patient’s 
general condition and the inadvisability of her becoming pregnant at any time. 
At operation a perfectly symmetric uterus bicornis bicollis was found, the two 
horns being attached in the cervical portion. There was a normal tube and ovary 
on each side. Supravaginal hysterectomy was done. Convalescence was uneventful. 


Case 3. — Uterus bicornis unicollis; pyometrium in the right horn tvith spon- 
taneous uterovaginal fistula; right renal and ureteral agenesis. 

E. B., a girl aged 15, complained of vaginal discharge. The family history 
was noncontributory, and the patient’s history was unimportant except for 
symptoms referable to the genitourinary system. The menses began at the age 
of 12 but ceased after two scanty periods. They were reestablished in June 193 , 
after which they recurred regularly at thirty day intervals, the duration being 
five days and the flow moderate. There was slight pain during the first two 
days. In the fall of 1936 she began to have a faint brownish vaginal discharge 
without any noticeable odor, most marked before and after each period but per 
sisting during the interval. It never required the wearing of a pad. 

She dated her present illness back to six months before admission 
hospital, when there was a noticeable increase in the vaginal discharge, v 'C 
had become bloody or dark brown. For three months there was a fou o , 
and for several weeks she had had to wear a pad. For two months 
been occasional enuresis but no other urinary symptoms. For about one 
she had complained of rather severe pain in the right lower 
abdomen. Several days before admission there had been a sudden m 
the vaginal discharge, after which the pain had largely subsided. 

admitted to the hospital on September 18. examination 

General examination disclosed nothing remarkable, and 
gave no conclusive information except that there was a small ^ag 
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opening to the right of the cervix, which had not been found on the patient’s 
previous visits to the dispensary. Just above the sinus tract was a fluctuant, 
tender swelling, pressure on which caused an evacuation of thick foul-smelling 
pus through the fistula. The rectal temperature was 99.6 F., and the white blood 



Fig. 4 (case 3). — A, roentgenogram taken after injection of IS cc. of skiodan 
through the vaginal fistula, showing the right uterine horn and tube. B, visuali- 
zation of left uterine horn and tube after injection of iodized poppyseed oil. 



Fig. 5 (case 3). — Roentgenogram taken five minutes after injection of 15 cc. 
of diodrast. 

cell count was 13,100. The urine was normal. The nonprotein nitrogen content 
was 28 mg. per hundred cubic centimeters. The phenolsulfonphthalcin test 
revealed a total excretion of 60 per cent. Culture of the vaginal discharge 
showed nonhemolytic streptococci, B. coH and Staphylococcus albus. The sinus 
tract was probed; a 0.5 ureteral catheter was introduced; 15 cc. of skiodan was 
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injected, and roentgenograms were taken. Subsequently iodized poppyseed oil was 
injected through the cervix, and intravenous pyelograms were taken, followed 
by cystoscopic examination and exploratory laparotomy. 

The injection of skiodan through the fistula (fig. 4 A) outlined the right 
uterine horn and tube; the intracervical injection of iodized poppyseed oil, the 
left uterine horn and tube (fig. 4B'). The pyelograms showed a normal large 
left kidney but none on the right (fig. 5), and cystoscopic examination revealed 
absence of the right ureteral orifice and ridge. At laparotomy two separate uterine 
bodies were seen. That on the right was a little larger than that on the left. 
Each had a normal-appearing fallopian tube, and there was a normal ovary on 
either side. The two uterine horns seemed to join in a single cervix. By exami- 
nation with a speculum it was seen that the cervix was normal in position and 
appearance. A probe introduced through the cervix passed into the left horn 
and not into the right, whereas a probe inserted in the fistula passed info the 
right horn. The final impression was that the patient had uterus bicornis unicollis 
with stenosis of the right internal os, accumulation of secretions and finally 
pyometrium in the right horn with rupture into the vagina. 


COMMENT 

The einbryologic development of the female genitourinary sj'Stein has 
been carefully worked out, and a complete description may be found in 
available sources.”® Suffice it to say that there is general agreement as 
to the development and eventual degeneration of the pronephros, the 
metanephros and the wolfhan duct, the origin of the metanephric or 
renal bud, the formation of the genital fold in which the ovary arises, 
the development of the mtillerian ducts and the fusion of their lower 
portions to form the uterus. The role of the original mesentery of the 
mesonephric and genital folds in the formation of the mesosalpinx, the 
broad ligament and the wesovariuni, as well as the role of the inguinal 
fold in the development of the round ligament, is likewise well known. 
The debated question as to the dual or single origin of the vagina is of no 
present concern. The intimate association of the genital and urinarj 
tracts in their embryologic development explains the frequency of con 
comitant malformation of the two systems. There is general agreemen^ 
that the true unicornuate uterus represents a real agenesis of the 
mullerian duct (when no fallopian tube is present) or an almost 
agenesis of this structure (when the fimbriated end is present). 
felt that so-called unicornuate uterus with a rudimentary secon ^ orn ^ 
the result of a different defect.®*^ A¥ith this anomaly, the mullerian 

50. (a) Felix; Development of the Urogenital ,icoH 

Mall, F. P. : Manual of Human Embryology', Philadelphia, J. • i , 
Com any. .912, vol. 2, chap. 19. (h) Koff, A. K.: Sia- 

Generative Tract, in Curtis, A. H.i Obstetrics and Gynecology, Phua 

W. B. Saunders Company, 1933, vol. 1, chap. 17. 

51. Kcrmauaer, F.: Die Fchle, to dec Vcrachmei™ d.r Mtolcmchcn Ga.ll 
Ztschr. f. Geburtsh. u. Gymak. 72:724, 1912. Felix.-'®® 
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apparently develops originally throughout its length, but there is a 
failure of fusion with the other duct, and varying degrees of maldevel- 
opment occur subsequentl3^ The r^arious types of double uterus are 
explained on a basis of incomplete fusion. As to the cause of the 
various genital anomalies, many opinions have been expressed, but 
these are of necessity only theories. 

Of particular interest in my first case was the anomalous umbilical 
ligament. Such a one as this must be an unusual occurrence, as Cullen 
mentioned no case quite like it in his exhaustive treatise. In my experi- 
ence a similar defect in a young Negro who had no other apparent 
anomaly has been observed, and several other not dissimilar cases have 
been found in the literature. Schilling presented the case of a 1 day 
old infant with a left true unicornuate uterus in which the left umbilical 
artery was entirely absent and the right arose deep along the right pelvic 
wall, just as it did in my patient. He also noted the lack of one umbilical 
artery in a fetus with an extremely rudimentary uterus. In a third 
patient, a day old baby, there was a left unicornuate uterus and a 
large and thickened right umbilical artery. He cited Kermauner as hav- 
ing also noted the lack of one umbilical artery, and he pointed out that 
in this case of unicornuate uterus with a rudimentary horn the lateral 
umbilical ligament was also anomalous on the side of defective develop- 
ment. Schilling stated that he could draw no conclusions from these 
observations. It may be postulated that an unusually large umbilical 
artery or a single umbilical artery may by pressure be a factor in the 
lack of development of the rniillerian duct on that side or in the failure 
of fusion with the other. 

We have shown that genital and renal anomalies frequently occur 
together,- more often in the female than in the male. The genital mal- 
formations which are most often associated with renal agenesis are true 
unicornuate uterus and unicornuate or bicornuate uterus with a rudi- 
mentary horn. In addition, however, the various types of symmetric 
genital anomalies are also not infrequently associated with unilateral 
agenesis of the kidne)^ The hazard of the solitary' kidney has l)een 
repeatedly pointed out.“^ It is frequently the site of disease. Nephro- 
lithiasis, ureterolithiasis, nephritis, pyelitis, pyelonephritis, tuberculosis 
and other disease processes have been frequently found. In too many 
instances the surgical removal of the single kidney has been followed by 
disaster. I have pointed out that genital malformations are likewise 
not without danger. Hematonietra and hematosalpinx and pregnancy 
with rupture in the rudimentary horn occur often in unicornuate or 

52. Cullen, T. S. : Embn-olog:>', Anatomy and Di.sease.*; of tlie Umbilicu?, 
Pliiladelpbia, W. B. Saundcr.s Company, 1916. 

53. Campbell.--* .Anders.-** MacKenzie and Hawtbonic.*'* Gutierrez.*^ 
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bicornuate uterus with a rudimentary horn. Certain malformations of 
the internal genitalia require plastic reconstruction. CampbelP^ has 
discussed the difficulties met with in the practice of obstetrics. Hence 
it is essential that every patient with, anomalous development of the 
genital organs be carefully examined from the urologic standpoint and 
that adequate study of the genital tract be carried out in every instance 
of congenital renal anomaly. Fortunately, cystoscopic and pyelographic 
examination will I'eveal any such defect in the urinary tract. Uterosal- 
pingography is of great assistance in conjunction with the usual gyneco- 
logic examination in detecting malformations of the uterus. 

SUMMARY 

A case of true unicornuate uterus with unilateral renal and ureteral 
agenesis associated with an anomalous umbilical ligament is presented. 
A second case of uterus bicornis bicollis with unilateral agenesis of 
the kidney and ureter is briefly described. A third case of uterus 
bicornis unicollis with pyometrium in one horn and ureterovaginal fistula 
and with congenital absence of one kidney and ureter is presented. 

The literature is reviewed. 

It is pointed out that genital and renal anomalies occur so fre- 
quently together as to necessitate careful urologic study in each case of 
genital malformation and full investigation of the genital organs in 
each case of renal anomaly. 

Drs. John P. Peters, Clarence L. Robbins and Herbert Thoms and Drs. 
Arthur H. Morse and Ralph H. Jenkins gave me permission to report their cases. 

The illustrations were drawn by Mr. Arnim Hemberger. 

54. Campbell, A. M. : Disturbances Due to Diseases and Abnorrnalities of 
the Female Genitalia, in Curtis, A. H. ; Obstetrics and Gynecologj', Philadelphia, 
W. B. Saunders Company, 1933, vol. 2, chap, 31. 
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jl’.r iniiixir.ciu-n <>f sj'innl (in IS')'.)) to tlic jn'c^cnl 

'inv ^]<( n Isn- Frcn nlninst <'(iniinnmt(.ly rife cnnccniinij; the 

h'linvinr cf ll'e- after injecti*>n. .-Mllion^Ii tite sui^f^e.'itinii 

wav iii:i(!c S' t arly a> l>y j. S. Miller •' lliat it woniti be iinj)nrlant 
tn stv.'iy tlie aeinal edneentration nf the aneMlieiie in the eereltrosiiinal 
llnid. nV'vi aticniji'v tc ,v>>lve the ]tri>hli ni liave l)een l)ave<! on .vtmlie.'; of 
the h' liavior <ii lhii<lv injeeted into inanimate inodeF, int'> cadaver.'^ and 
oc'cavionrdly into eN]>ei imeiital animaF. On the havi< of sneh studies 
and on a jiriori reav<inintt of dotihtfnl valiility thesi' anthors liave con- 
elnded that anestlietic solntions of fjreater density than tlie cerehros]>inal 
dnid do\v downward t<iwaril the heatl if the ])atient is immediately 
placed in the 'rrendelenhnrt; position. 

In a recent pajier- this point of view has heen adopted atiain, and 
vari<ins measures have heen indicated to jireveiit untoward results from 
the Iii^di concentration of procaine wliich it was asstimed niif'hl reach 
the mednllary centers under these conditions. Since this re]iorl and 
thtjse which jneceded it contained no direct evidence, and since we had 
already obtained data which indicated by inference that jirocaine solu- 
tions injected into the snharaclnioid sjiace of the human heinfj behave 
differently from the same solntions similarly injected in inanimate 
models, further studies were made on the concentration of procaine in 
the cerehrosjiinal fluid dnrintj spinal anesthesia. 

’*■ Dr. Henry Lcrncr Fellow. 

From the Crown HciKhls Hospital. 

1. Miller, J. S.; The Present Status of the Siiharachnoidian Injection of 
Cocaine for Anesthesia (CorninR-Bier Method), New York M. News 78:. 175-377, 
1901. 

2. Pratt, G. H. : The Safely Factor in Spinal Anesthesia, Surg., Gyncc. & 
Ohst. 04:695-699, 19.17. 
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^ In a preliminary paper => we reported on the concentration of pro- 
caine in the subarachnoid space at the site of injection at various 
intervals during the course of spinal anesthesia. In this paper we are 
presenting data obtained in a similar manner on the concentration of 
procaine in the spinal fluid three interspaces above the site of injection 
and on its concentration in the cisterna magna. 


METHOD 

One liundrecl and twenty-two adult patients were studied. Each patient received 
an injection of ISO mg. of procaine hydrochloride dissolved in 3.5 cc. of cerebro- 
spinal fluid at the interspace between the second and the third lumbar vertebra. 
The injected solution had a specific gravity of 1.0097, as compared with 1.0015 for 
the spinal fluid alone. The patients were then placed in a modified Trendelenburg 
position, at angles of 5 to 8 degrees. 

At different intervals after the injection samples of cerebrospinal fluid were 
withdrawn from various patients. From one group, of 40 patients, samples of 



Minutes after Injection 

Chart 1. — Concentration of procaine in the cerebrospinal fluid three interspaces 
above the site of injection in different patients at various intervals after the injec- 
tion of the anesthetic. 


1 cc. were withdrawn three interspaces above the site of injection. From anot let 
group, of 22 patients, samples of about 2 cc. were withdrawn from the cisterna 
magna. The concentration of procaine in these samples was determined, in mos 
cases in duplicate or in triplicate, by the micromethod previously described,^ wi 
an error not over 10 per cent. 

RESULTS 


The concentrations of procaine in the spinal fluid three interspaces 
above the site of injection are shown graphically in chart 1.^ 
corresponding data on the concentration of the anesthetic at site o 
injection are shown, for comparison, in chart 2. 


Ti^r, H.; Shapiro, A., and Leikensohn, A. : Procain 
Changes at Site of Injection in Subarachnoid Anesthesia, Am. J. burg. 

Koster, H.; Shapiro, A., and Posen, E.; 
tive Determination of Procain in Cerebro-Spinal Fluid, J. Lab. & C • - 

1096-1098, 1936. 
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At the moment of injection of the anesthetic its concentration in the 
spinal fluid three interspaces above is zero. Chart 1 shows that it rises 
rapidly in the first four minutes to a concentration just below 4 mg. 
per cubic centimeter. At this time the concentration is already approxi- 
matety the same as at the site of injection. From this time on, the 
concentrations three interspaces above and at the site of injection 
decrease at approximately the same rate. 

At no time does the concentration at the dorsal level rise above that 
at the lumbar level, despite the use of the Trendelenburg posture and 
of a solution with a density higher than that of the cerebrospinal fluid. 

Chart 3 shows the concentrations of procaine found in the cisternal 
fluid at various intervals after injection. In 14 instances almost no 



Minutes after Injection 


Chart 2. — Concentration of procaine in the cerebrospinal fluid at the site of 
injection in different patients at various intervals after the injection of the anesthetic. 

procaine was found (less than 0.02 mg. per cubic centimeter). In the 
other 8 instances the concentration ranged from 0.06 to 0.21 mg. per 
cubic centimeter. 

COMMENT 

Man)'^ authors (Pratt,- Pitkin,® Co Tui,® Vehrs" and Babcock®), 
having observed phenomena obtained by injection of colored fluids 

5. Pitkin, G. H. : Controllable Spinal Anesthesia, Am. J. Surg. 5:537-553. 
1928. 

6. Co Tui, F. W. : Further Studies in Subarachnoid Anesthesia, Anesth. & 
Analg. 13:143, 1934. 

7. Vehrs, A. R. : Problems in the Hydrodynamics of Analgesics in the Sub- 
arachnoid Fluid of Afan : Diazotized Novocaine in Artificial Dural Sacs, West. J. 
Surg. 43:16-32, 1935. 

8. Babcock, W. W. : Spinal .Anesthesia in Fact and Fancv, Surg., Gynec. S: 
Obst. 59:94-100. 1934. 
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into artificial cerebrospinal systems made of glass tubes, have concluded 
by analogy that anesthetic solutions of greater density than cerebrospinal 
fluid settle in dependent portions of the subarachnoid space shortly 
aftei injection. On this basis thc}'^ have devised elaborate systems for 
controlling anesthesia levels by manipulating the position of the patient, 
without, however, providing any adequate statistical evidence for the 
validity of their assumptions. 


10 20 30 40 50 60 
Minutes after Injection 

Chart 3. — Concentration of procaine in the cerebrospinal fluid in the cisterna 
magna in different patients at various intervals after the injection of the anesthetic. 
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Minutes after Injection 

Chart 4. — Composite plot of concentrations of procaine in samples of sphial ilmd 
obtained at various levels: at the site of injection (open circles, solid 
interspaces above (solid circles, broken line) and at the cisterna magna so 
squares). 


Inspection of charts 1 and 2 indicates a considerable range of i ar’ ^ 
tion among different patients. For example, the patient 
by point A in chart 2 showed a concentration of 1.05 mg. per 
centimeter at the site of injection after twenty-five minutes. ^ no 
patient, represented by point B in chart 1, liad a 
mg. per cubic centimeter three interspaces above the site o » J 
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after twenty-four minutes. If one were to consider only these two 
observations, made at approximately the same interval after the injec- 
tion of the anesthetic, one would conclude that because of the Trendelen- 
burg position the concentration in the dorsal region was twice that in 
the lumbar region and that it indicated a gravitational displacement 
from the site of injection toward the head. On the same basis one 
might also expect an even higher concentration further cephalad. 

However, an examination of all the data indicates that conclusions 
drawn from these two observations alone would be wholly erroneous. 
On the contrary, the average concentration is never greater in the 
dorsal region than in the lumbar region, and the concentration in the 
cisterna magna is always considerably lower than at either of the other 
sites investigated. 

To show more clearly the simultaneous values for the concentration 
of procaine at the three levels investigated, all of the determinations 
have been plotted on the same axes in chart 4. This chart clearly 
demonstrates the essential phenomena of the distribution of procaine 
in the subarachnoid space of the patient during spinal anesthesia. The 
injected procaine spreads rapidly away from the site of injection, so 
that in the first few minutes the concentration decreases rapidly there 
while it is rising at the dorsal level. When the concentration at the 
dorsal level has reached its maximum, it decreases at a rate approxi- 
mately the same as that at the lumbar level, and presumal)ly for the 
same reasons. 

The maximum concentration at the site of injection is that of the 
injected solution (43 mg. per cubic centimeter) at the moment of injec- 
tion. The maximum concentration only three interspaces above is never 
above 4 mg. per cubic centimeter and is reached in four minutes. This 
great decrease is continued in the cephalad direction, so that the 
cisternal values are never greater than 0.21 mg. and are frequently 
less than 0.02 mg. per cubic centimeter. 

In other words, our observations indicate definitely that in the 
living human patient the Trendelenburg posture does not cause a 
procaine solution of greater density than cerebrospinal fluid to flow 
downward toward the head. 

SUMMARY 

With 122 patients anesthetized by the injection of 150 mg. of 
procaine hydrochloride into the subarachnoid space, the concentration 
of the anesthetic was determined at various intervals after the injection : 
(1) in 60 patients, at the site of injection; (2) in 40 patients, three inter- 
spaces above the site of injection, and (3) in 22 patients, in the cisterna 
magna. The data indicate that the injected anesthetic is distributed 
rapidly cephalad. The peak concentration reached at a particular level 
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during anesthesia decreases rapidly in the cephalad direction, so that in 
the cisterna magna the concentration of procaine was never above 
0.21 mg. per cubic centimeter, and in 14 of 22 samples it was less than 
0.02 mg. 

These findings do not support the assumption that the Trendelenburg 
position causes concentrated solutions of procaine to flow down to the 
cisterna as do colored solutions in inanimate models. 
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It has been shown previously that a liver injured b)’’ biliary disease 
is unable to concentrate bile acids in bile. Two of us in association with 
Nettrour and Bollman ^ have demonstrated that the loss of this function 
parallels the degree of hepatic injury. While a normal liver was found 
to concentrate from 2,000 to 3,000 mg. of bile acids in each hundred 
cubic centimeters of bile, a severely injured liver did not concentrate 
more than 500 mg. 

It was noted also that an inhibition in the concentration of bile acids 
by the liver followed operations on the biliary tract. The concentration 
of bile acids decreased progressively until the third or fourth day after 
operation and then gradually returned, reaching the same concentration 
on the ninth day as had existed immediately after operation. This was 
taken to represent the time at which the liver had completely recovered 
from the temporary inhibition of function resulting from conditions 
associated with the surgical procedure. After a variable period there 
was a further increase in the concentration of bile acids in the bile, and 
a plateau was reached between the second week and the third month after 
operation. We expressed the opinion that this represented the recovery 
of the liver from temporary injur}' resulting from the biliary disease that 
existed before operation. The final plateau reached was below the normal 
level in all cases in which there was clinical and pathologic evidence of 
permanent injury of the liver. 

This report deals with the results of the study of the effect of opera- 
tion on the liver. The influence of the length of the operative procedure. 

From the Division of Surgerj', the Mayo Clinic. 

1. Gray, H. K. ; McGowan, J. M. ; Nettrour. W. S.. and Bollman, J. L. : 
Hepatic Damage in Biliary Disease : Its Relation to the Concentration of Bile .Acids 
in the Bile, Arch. Surg., to be published. 
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of the choice of the anesthetic agent, of the drugs used in postoperative 
care, of the postoperative febrile reaction and of the clamping off of the 
T tube were estimated. As an indicator of the effect on the liver, the 
concentration of bile acids in bile was used. Daily and at times hourly 
samples of bile were collected from patients into whose common bile 
duct a T tube had been inserted for prolonged biliary drainage. 

Bollman, Mann, and one of us," who corroborated the work of 
McMaster, Broun, and Rous,® observed a decrease in the concentration 
of bile acids in the bile of 11 dogs which had normal livers after the 
removal of the gallbladder and the placing of a cannula in the common 
bile duct during ether anesthesia. There was a decrease also in the 
total amount of bile acids excreted in the bile, and none appeared in the 
blood or in the urine. In other words, the liver had partly lost its ability 
to produce and to concentrate bile acids. The total output of bile acids 
rose to above normal on the fourth postoperative day and then settled 
down to a constant level on the sixth postoperative day. 

In the work which we are reporting we have attempted to find out 
whether any factors related to the surgical procedure were responsible 
for the postoperative inhibition of hepatic function and whether there 
was any fluctuation in the concentration of bile acids from one time of 
the day to another. 

Josephson and Larsson,^ Forsgren,® and Tremolieres and his asso- 
ciates ® claimed that there was a periodic variation in the flow of bile , 
in six hours. Wisner and Whipple,^ on the other hand, failed to find 
anyr difference in the flow of bile during the day and during the night. 

We attempted also to find reasons for incidental decreases in the con- 
centration of bile acids during convalescence in order to determine 
whether complications of the condition or drugs given for relief of 
symptoms injured the liver. 


2. McGowan, J. M. ; Bollman, J. L., and Mann, F. C. : The Bile ^ 
Icterus Produced by Toluylenediamine, J. Pharmacol. & Exper. Therap. 


311 (Nov.) 1936. 

3. McMaster, P. D. ; Broun, G. O., and Rous, P. : Studies of the Tota 
Bile; I. The Effects of Operation, Exercise, Hot Weather, Relief of 
Intercurrent Disease, and Other Normal and Pathological Influences, J. 

Med. 37:395-420 (March) 1923. 

4. Josephson, B., and Larsson, H. : Ueber die Periodizitat 

bei einem Patienten mit Gallenfistel, Skandinav. Arch. f. Physiol. 6 - 


5. Forsgren, E., cited by Josephson and Larsson.^ 

6. Tremolieres, F.; Thierry, J- ^auchet H.: 

biliaire chez I’homme, Rev. de med.. Pans 50:509-531 (Oct.) 19^^- 

7. Wisner, F. P., and Whipple, G. H. : Variations m Output o ’ ^ j 

and Pigments During Twenty-Four Hour Periods: ObservaUons on Stand 
Me Sa Dogs, Am. J. Physiol. 60:119-133 (March) 1922. 
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Bollman and Mann ® and Smyth and Whipple ° have shown that 
small doses of hepatotoxins, that is, chloroform, carbon tetrachloride 
and tetrachlorethane, produced a definite decrease in the concentration 
of bile acids in the bile. 

POSTOPERATIVE DROP IN THE VALUES OF BILE ACIDS IN BILE 

All the patients exhibited a distinct drop in the level of the bile acids 
after the operation. This drop was pronounced and was present imme- 
diately after operation ; it often reached its maximum on the third post- 
operative day. The possible effect of anesthesia, the operative procedure 
and the postoperative measures generally employed were studied. 

EFFECT OF ANESTHETIC AGENTS 

Ether, cyclopropane and ethylene were used alone and in combina- 
tion. In addition, spinal anesthesia and regional abdominal block with 
procaine hydrochloride were used alone and in combination with one 
of these gases. 

For the sake of brevity, a few cases in which the quantitative deter- 
minations of bile acids were made on the third and the fifteenth post- 
operative day are listed, in order to give an impression of the extent 
of the postoperative drop. By the fifteenth day the recovery from the 
postoperative drop should be complete, although the value for the con- 
centration of bile acids may not return to normal until much later. The 
reason for this is that in cases in which there is a considerable amount 
of hepatic injury before operation the regeneration of the liver after 
surgical relief of biliary obstruction must of necessity be slow. 

In order to control the comparison of the anesthetic agents as well 
as possible, the cases were classified as to the amount of preoperative 
injury of the liver according to the standards used in a previous com- 
munication.^ A group of cases in which the liver was approximately 
normal was chosen for study of the effect of the anesthetic (table 1). 

It is evident that the choice of the anesthetic agent. does not determine 
to any marked degree the extent of the postoperative decrease in the 
concentration of bile acids. The number of cases is small for the 
drawing of definite conclusions. There is, however, a suggestion that 
the concentration of bile acids was low when ethylene was emp]o 3 'ed as 
one of the anesthetic agents. This is reminiscent of the illness which 
followed hepatic injury among workers in airplane factories who were 

8. Bollman, J. L., and ^lann., F. C. : The Influence of the Liver in the For- 
mation and Destruction of Bile Salts, .'\m. J. Physiol. 116:214-224 (June) 1936. 

9. Smyth, F. S., and Whipple, G. H. : Bile Salt Metabolism : I. Influence 
of Chloroform and Phosphorus on Bile Fistula Do^s, J. Biol. Clicm. 59:623-636 
(.'\pril) 1924. 
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using trichlorethylene in the treatment of the fabric for airplane wings 
during the World War. 


EFFECT OF THE OPERATIVE PROCEDURES 

The operative procedures did not vary widely. They consisted of 
cholecystectomy and choledochostomy, hepaticostomy and reconstruc- 
tion of the common bile duct over a T tube. Because the procedures 

Table 1. — Effect of Anesthesia on Concentration of Bile Acids in Cases in iVhich 
the 'Liver W as Normal Before Operation 


Concentration of Bile Acids 
CMg. per 100 Cc. of Bile) 

I * ' 

Third Fifteenth 


Day After Day After 

Case Anesthetic Agent Operation Operation 

1 Cyclopropane 845 l.SSO 

2 Cyclopropane 1,070 

3 Cyclopropane; % ounce (22.18 cc.) of ether G30 1,930 

4 Cyclopropane; 1 ounce (29.57 cc.) of ether 1,570* 2,590 

5 Cyclopropane; % ounce (22.18 ec.) of ether 823 1,830 

0 Cyclopropane; ether 1,050 1,520 

7 Cyclopropane; 1 ounce (29.57 cc.) of ether 910* 

8 Ethylene; 2 ounces (59.15 cc.) of ether 410 2,590 

9 Ethylene; 1% ounces (44.30 ec.) of ether; spinal anesthesia. 435 1,809 

10 Ethylene; % ounce (14.79 cc.) of ether 784 1,430 

11 Spinal anesthesia 1,350 2,440 


* Determination made on fifth day after operation. 


Table 2. — Effect of Cholecystectomy and Choledochostomy on Concentration of 
Bile Acids in Cases in Which the Liver Was Normal Before Operation 


Case 

1 

2 

3 

4 

5 
G 


Length of Oocration 

- ■ 

Hours Minutes 

. . 55 

. . 50 

1 30 

1 45 

2 
o 


Concentration of Bile Acids 
(Mg. per 100 Cc. of Bile) 

A— * 


Third Day After Lifteenth Day After 
Operation Operation 


1,570 

630 

823 

845 

1,050 

2,200 


2,590 

1,950 

1,830 

I,SS0 

1,520 


were all limited to the biliary tract, the cases listed in table 2 have been 
classified particularly as to the length of time involved in the operation, 
in order to determine whether or not there was an influence on the post 
operative decrease in the concentration of bile acids. Cyclopropane 
anesthesia was used in all the cases, and the livers were classified as 
approximately normal before operation. Apparently, neither the t 3 pe 
nor the length of the operative procedure makes any difference ni 
postoperative decrease in the concentration of bile acids. 
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RETURN OF THE CONCENTRATION OF BILE ACIDS TO NORMAL 

The depression in the concentration of bile acids which occurs after 
operations on the biliary tract is followed by an increase. The rate at 
which this increase occurs varies in different cases. A comparison of 
the postoperative course and the rate of recovery of the ability of the 
liver to concentrate bile acids revealed one fact, namely, that the increase 
in the concentration of bile acids is slow until the postoperative febrile 



Chart 1. — Relation of tlie postoperative concentration of bile acids to the 
febrile reaction. 


reaction has ceased. Thereafter the increase is rapid and complete 
(chart 1). In the case represented in the upper left part of chart 1 
there was no febrile reaction, and the increase in the concentration of 
bile acids began on the second day after the operation. 

B}' contrast, in the case represented in the lower right part of chart 1 
the postoperative fever did not abate until the twelfth da}", at which time 
the concentration of bile acids began to rise sharply. In the other cases 
represented in the chart there were varying degrees of prolongation both 
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of the febrile reaction and of the recovery of the normal concentration 
of bile acids. In all the cases represented in this chart cholecystectomy 
and choledochostomy were perfoi'med; jaundice was not present before 
operation. 

EFFECT OF POSTOPERATIVE MEASURES 

Sedative Drugs . — In order to determine whether the use of deriva- 
tives of opium and barbiturates played any role in delaying the return 
of the concentration of bile acids to normal, the value for the concentra- 
tion of bile acids was determined at intervals of two hours for several 



operation. 


days after the operation. The exact time at which at 

given was determined and was compared wit i ^ con- 

Lt time. The curve in chart 2 represents the 

centration of bile acids to normal m a case in \\ ^ 

and choledochostomy were performed. As may le s , j„,inistra- 

relation between the concentration of the e acids 

tion of morphine, pantopon (a mixture o le > ^ am)'tal. In 2 

opium alkaloids), codeine, sodium P^^^obarbital or s d 

other cases in which these observations were repeated 

were obtained. 
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Intravenous Administration of Dextrose . — Because intravenous 
administration of dextrose has been of much value in the treatment of 
hepatic disease, the value for the concentration of bile acids was deter- 
mined in cases in which dextrose was used. A case of stricture of the 
common bile duct and deep jaundice relieved surgically by reconstruc- 
tion of the common bile duct over a T tube was selected. The con- 
centration of bile acids was determined at intervals of two hours, the 
first determination being made immediately after operation. The times 
at which dextrose was administered intravenously were plotted on the 
curve which represented the return of the concentration of bile acids 
to normal after operation (chart 3). From observation of this curve it 



Hours after operation 


Chart 3. — Effect of intravenous administration of dextrose on the postoperative 
concentration of bile acids. 

ma}’^ be said that the intravenous administration of dextrose has no 
immediate effect on the concentration of bile acids. In 2 cases in which 
tliese observations were repeated the results were the same. 

As an additional check, the concentration of bile acids was deter- 
mined at intervals of thirty minutes after the intravenous injection of 
1 ,200 cc. of a 10 per cent solution of dextrose. There was no appreciable 
change in the concentration of bile acids beyond that which might be 
c.xpectcd as a result of the dilution produced by the administration of 
1,200 cc. of fluid. The results in this case, in which the liver had been 
injured by prolonged obstruction by a stone in the common bile duct, 
are shown in chart 4. 
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EFFECT ON THE CONCENTRATION OF BILE ACID 
PRODUCED BY CLAAIPJNG OF THE T TUBE 

In cases in which there was a free flow of bile into the duodenum, 
the values for the concentration of bile acids continued to increase during 
the gradually increasing periods each day in which the T tube was 
clamped off. This was further evidence that a free passageway for 
the bile actually did exist. Had there been any obstruction to the 
passage of the bile the resultant damming back of the bile in the liver 
would have resulted in a diminished concentration of bile acids similar 
to that observed after obstruction of the common bile duct by stones. 
One case in particular is deserving of more detailed description: 



123456769 10 

Hours after injection 

Chart 4. — Behavior of bile acids after intravenous injection of de.vtrose. 


REPORT OF A CASE 

The patient complained of continued colic following cholecystectomy. Explom 
tory laparotomy revealed apparent spasticity of the sphincter of Oddi ; 
no organic obstruction of the common bile duct. When the clamping o f 
tube was begun, on the twenty-eighth postoperative day, the patient ha 
in the right upper quadrant of the abdomen. Simultaneously the conccn 
of bile acids dropped from 3,120 mg. to 1,390 mg. for each hundred cu ic cc ^ 
meters of bile. Because of this, no further attempts were made to 
tube. From the thirtieth to the fifty-seventh postoperative day the conce 
of bile acids varied from 1,600 to 2,200 mg. per hundred cubic 
the fifty-seventh postoperative day the clamping of the T tube ^\as ag ^ 
and glyceryl trinitrate was given simultaneously three or four times 
relieve the cramping sensations. When the spastic obstruction o ^^„cen- 

bile duct had been relieved with glyceryl trinitrate, 3603 mg- 

tration of bile acids rose to 3,500 mg., and remained at from 
per hundred cubic centimeters. 
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This brings up the conception of the value of determining the con- 
centration .of bile acids before deciding to remove the T tube. Walters 
and Thiessen have demonstrated the use of postoperative choledo- 
chographic study in determining the patency of the common bile duct. 
Walters and two of us have shown the importance of making certain 
by means of a manometer that there is no increased pressure within 
the common bile duct before removing the T tube. By both pro- 
cedures the physician may learn the status of the common bile duct 
at a given time. The determination of the concentration of bile acids 
in a twenty-four hour sample of bile furnishes an estimate of the 
patency of the common bile duct for twenty-four hours. For example, 
in the case cited, the opaque medium was seen roentgenographically to 
pass into the duodenum, but the clamping of the T tube caused a diminu- 
tion in the concentration of bile acids. This was probably caused by 
spasticity of the sphincter of Oddi, which intermittently obstructed the 
common bile duct and prevented the flow of bile into the duodenum. 

In many cases in which there has been long-continued obstruction 
of the common bile duct by a stone and resultant severe hepatitis the 
surgeon determines at the operating table that biliary drainage for from 
three months to a year is needed in order that cholangitis and hydro- 
hepatosis may have time to subside. Later determinations of the con- 
centration of bile acids before the T tube is removed will serve to 
reenforce his judgment as to how long the T tube should be allowed 
to remain in place. 

COMMENT 

A decrease in the concentration of bile acids in bile was demonstrated 
after operations on the biliary tract in all cases studied. This evidence 
of inhibition of hepatic function assumes grave significance when one is 
called to operate on a patient who already has suffered severe hepatic 
injury as a result of prolonged obstruction of the biliaiy tract. There- 
fore, one should exercise ever}^ known method to improve hepatic func- 
tion if possible before operation. Therapeutic measures which would 
prevent the postoperative decrease in the concentration of bile acids 
would be ideal. More work needs to be done to find some protective 
hepatic substance which will do this. We feel that the determination 
of the concentration of bile acids in the bile is an excellent indicator 
of the usefulness of new methods for improving the function of the 
liver before operation and thereb}' reducing the operative risk. 

10. ^Yaltcrs, AV., and Thiessen, N. \V. ; Visual Methods of Studying the 
Pliysiology of the Common Bile Duct : I. The Problem of Pancreatitis and 
Sphincteritis, Proc. Staff Meet., Mayo Clin, 9:772-775 (Dec. 19) 1934. 

11. Butsch, W. L. ; ^^cGo\van, J. M., and Walters. W. : Clinical Studies on 
the Influence of Certain Drugs in Relation to Biliary Pain and to the Variations 
in Intrahiliary Pressure, Surg., Gynec. & Obst. 63:451-456 (Oct.) 1936. 
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The degree and duration of the postoperative febrile reaction is 
paralleled by an inhibition of the ability of the liver to concentrate bile 
acids. From this one may deduce that a patient who has a severely 
injured liver will be handicapped in dealing with an infective process 
accompanied by a febrile reaction, particularly when this is added to 
the extra injury which the liver suffers during the operation. 

The clamping of the T tube in the presence of obstruction to the 
free flow of bile into the duodenum has been followed by a progressive 
reduction of the concentration of bile acids in the bile. This is a result 
of increased pressure within the common bile duct, one of the factors 
that produce the hepatic injury before operation in cases of obstruction 
of the biliary tract. Counseller and Mclndoe have shown that in the 
presence of biliary obstruction there is a marked dilatation of the finer 
radicles of the biliary tree (hydrohepatosis). Such dilatation may 
result in pressure on the parenchymal cells of the liver, which produces 
atrophy. 

It might be argued that the decrease in the concentration of bile acids 
after the clamping of the T tube was due to the choleretic effect of the 
extra amounts of bile acids which are absorbed from the intestinal canal. 
However, in the cases in which there was every evidence of patency of 
the lower end of the common duct there was no appreciable diminution 
of the concentration of bile acids in the bile after the clamping of 
the T tube. 


SUMMARY 


Repeated specimens of bile were analyzed postoperatively in cases 
in which operation was done, in order to measure, by the concentration 
of bile acids in the bile, the effect of various surgical procedures on the 
functions of the liver. A postoperative inhibition of hepatic function 
occurred in every case. This seemed to be unassociated with the dura 
tion of the surgical procedure, with the type of anesthetic (with the 
possible exception of ethylene) and with the preoperative and post 
operative medication. The usual postoperative doses of morphine an 
barbiturates failed to produce any effect on the concentration o i ^ 

acids. . , 

The duration and degree of the postoperative febrile reaction para^ 
leled the duration of the inhibition of hepatic function. hen t le 
tube v^s clamped in the presence of obstruction to the free ow 
bile into the duodenum, the concentration of bile acids ecrea 
progressively. 


12. Counseller, V. S., and Mclndoe, A. H. : The Dilatation of the Bile D 
<Hydrohepatosis), Surg., Gynec. & Obst, 43:729-740 (Dec.) 


SUBACROMIAL BURSITIS 

A CLINICAL, KOENTGENOGRAPHIC AND STATISTICAL STUDY 
SAMUEL R. RUBERT, M.D* 

IOWA CITY 

Credit is generally given to Codman ^ for centering attention on and 
stimulating interest in the proper diagnosis and treatment of complaints 
referable to the region around the shoulder joint. As a result of a 
series of articles on the subject which he began in 1904 and culminated 
in his book on the shoulder in 1934, Codman has developed the clinical 
syndrome of subacromial bursitis and has given physicians a greater 
understanding of the differential diagnosis of the extra-articular lesion 
of the shoulder. He gave due credit to previous workers, including 
Duplay," Putman,® Monks and Kiister,® for their contributions to the 
subject. He credited the monograph of Duplay with representing the 

* At present resident in orthopedic surgery. Mount Sinai Hospital, New 
York. 

Abstract of a thesis submitted to the faculty of the Graduate School of the 
State University of Iowa in partial fulfilment of the requirements for the degree 
of Master of Science in Orthopedic Surgery. The work was done in the service of 
Dr. Arthur Steindler. 

1. (a) Codman, E. A. : Some Points on the Diagnosis and Treatment of Cer- 
tain Neglected Minor Surgical Lesions, Boston M, & S. J. 150:371-375, 1904; (b) 
On Stiff and Painful Shoulders: The Anatomy of the Subdeltoid or Subacromial 
Bursa and Its Clinical Importance; Subdeltoid Bursitis, ibid. 154:613-620, 1906; 
(c) Bursitis Subacromialis, or Periarthritis of the Shoulder Joint, ibid. 159:533- 
537, 576-582, 615-616, 644-648, 677-681, 723-726 and 756-789, 1908; (cf) Complete 
Rupture of the Supraspinatus Tendon: Operative Treatment with Report of Two 
Successful Cases, ibid. 164:708-710, 1911; (c) On Stiff and Painful Shoulders as 
Explained by Subacromial Bursitis and Partial Rupture of the Supraspinatus, ibid. 
165:115-120, 1911; (/) The Shoulder, Boston, The Author, 1934. (g) Codman, 
E. A., and Akerson, I. B. : The Pathology Associated with Rupture of the 
Supraspinatus Tendon, Ann. Surg. 93:348-359, 1931. 

2. Duplay, S.: De la periarthrite scapulo-humcrale et des raideurs de I’epaulc 
qiii cn sont la consequence. Arch. gen. de med. 2:513-542, 1872. 

3. Putman, I. L: The Treatment of a Form of Painful Periarthritis of the 
Shoulder, Boston M. & S. J. 107:509-538, 1882. 

4. Monks, G. H. : A New Method for the Treatment of Injuries to the 
Shoulder, Boston M. & S. J. 123:183, 1890. 

5. Ruster, E.: Ueber Bursitis subacromialis (Periarthritis humcro-scapularis), 
Vcrhandl. d. dculsch. Gesellsch. f. Chir. 31:364-372. 1902. 
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knowledge previous to the publication of Kuster’s article and the latter 
author with opening a new era in the consideration of these lesions. 

The purpose of this paper is to present a clinical, roentgenographic 
and statistical study of subacromial bursitis and to review the experi- 
ence in 288 cases in which the condition was treated in the clinic of Dr. 
Arthur Steindler, in the department of orthopedic surgery at the State 
University of Iowa. 

ANATOMIC PICTURE 

The subacromial bursa intervenes between the deltoid muscle and 
the acromion externally and the capsule and the short rotators of the 
shoulder joint internally. Interposed thus between the acromial arch 
and the lateral surface of the shoulder joint, it is indispensable in 
abduction and rotation and allows for abduction of the humerus without 
pinching of the deltoid fibers. In right angle abduction, the entire bursa 
may lie under the acromion. The subacromial and subdeltoid portions 
may be separated by a thin fibrous partition. However, these divisions 
of the bursa form one large cavity and should be considered as one 
large bursal sac, especially as the dividing partition is usually absent. 
A proper understanding of the subject can be had only by considering 
the bursa in its entirety rather than in parts. The term subacromial 
bursitis will be used throughout this paper rather than subdeltoid bur- 
sitis, as it is more descriptive of the lesion. 

The size of the bursa is variable. It has been described as being 
as large as the palm of the hand. Filling the bursa with solids for 
purposes of measurement, as done by Turner Thomas,® causes an 
increase of the thickness with a corresponding decrease in the diameter, 
this results in incorrect determination. The size of the bursa cannot be 
estimated from calcification as it appears in roentgenograms. The areas 
of calcification are usually outside the bursa. If within the bursa, the) 
rarely if ever completely fill the bursal sac. 

Ill the erect position, abduction of the arm is initiated by the supra 
spinatus muscle. When motion at the shoulder is limited, movement 
is continued by motion of the scapula. The mechanical difficulties 
involved in maintaining the stability of the shoulder joint, with tie 
resultant strain on the tendons inserting into the capsule, are an 
tant factor in producing ruptures of these tendons, with secon 
involvement of the intimately associated subacromial bursa. 

6 and 7. Footnotes deleted. 

S. Thomas, T. T. : Stiff and Painful Shoulders with Loss o o"er 
Upper Extremity, Am. J. M. Sc. 141:515-534, 1911. 
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ETIOLOGY 

Pathologic conditions of the bursa may result from (1) local trauma 
or inflammation or from (2) general constitutional changes. 

Local Trauma and hiflammntion . — The unprotected portion of the 
bui'sa, situated under the deltoid muscle, is a weak point and is liable 
to direct trauma. Trauma may also be indirect and even obscure, and 
may include that due to overuse, sudden or unaccustomed use, sudden 
exertion in an attempt to keep from falling, pressure from an incor- 
rectly applied bandage or fixation for relief of pain in the region of 
the shoulder after operations on the breast or the hand. Sudden 
motions may cause rupture of the muscle. Dislocations of the shoulder 
may also result in tearing of the tendinous attachments about the tuber- 
osities. The bursa, being in intimate contact with these tendinous 
attachments, is always involved with marked disability. 

General Constitutional Changes . — ^These include arthritis, advancing 
age and metabolic and nutritional disturbances. Bursitis associated with 
arthritis results from irritation by local arthritic osteophytes. 

PATHOLOGIC PICTURE 

r 

The pathologic changes may be (1) bursal or (2) peribursal (mus- 
culotendinous). 

Bursal Changes . — The bursa is a synovial sac subject to the same 
pathologic changes as is other serous tissue. Acute and chronic inflam- 
mation of the bursa results in thickening of the bursal walls, with 
formation of hypertrophic synovial villi, exudation of fluid and forma- 
tion of adhesions. 

Calcareous deposits when present in the bursa have ruptured into 
it from the underlying tendon in which they are formed. Such deposits 
do not originate in the bursa proper. 

Peribursal Changes . — Lime Deposits: These deposits result from 
necrobiosis and calcification in the subjacent capsular and tendinous 
tissues and are demonstrable roentgenographically. As has been men- 
tioned, there may be perforation of the deposits into the cavity of the 
bursa proper. In most cases, therefore, peribursal changes are found 
combined with changes in the bursa itself. 

Painter and Baer explained the calcification as probably due 
to chronic inflammation in a tissue with little blood supply, undergoing 
necrosis with deposition of lime salts. 

9. Footnote deleted. 

10. Elmslic, R. C. : Calcareous Deposits in the Supraspinatus Tendon, Brit. J. 
Surg. 20:190-196, 1932. 

11. Painter, C. F.: Subdeltoid Bursitis, Boston M. &: S. .T. 136:3-15-3-49. 1907. 

12. Baer, W. S. : Operative Treatment of Subdeltoid Bursitis, Bull. Johns Hop- 
kins Hosp. 18:282-285, 1907. 
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Wright in 1908 reported a case (Codman’s) of subdeltoid bursitis 
in which the condition was a slowly productive inflammatory process 
combined with degeneration and necrosis. He concluded that calcifi- 
cation in the supraspinatus tendon results from slight injury with an 
abortive attempt at repair in a tissue with little blood supply. These 
changes were again found by Wrede/® who described necrobiotic 
changes in the tendon following rupture with calcification and formation 
of loose bodies. 

Moschcowitz“ in 1915 reported his findings in 4 of Brickner's 
cases and concurred in the previous opinions held. The patients in 
these cases had been operated on for calcareous deposits in and around 
the subacromial bursa, associated with adhesive subacromial bursitis. 

Lime deposits may be present in three forms; (1) as sandlike parti- 
cles within the necrosed tissues, (2) as diffuse massive calcification 
of the necrosed tissue or (3) as isolated, discrete, sharply defined nod- 
ules embedded within the tendon or the granulation tissue. Calcifica- 
tion in some cases is on the surface of the tendon, in the form of a 
thick white gritty material associated with a minute tear of the tendon. 
On roentgen examination and at operation multiple deposits are found 
in the tendon at a distance from its insertion. The shadow iii the roent- 
genogram may be formed by a deposit which is actually liquid. No 
connection has been found at any time between the calcification and 
the adjacent bone either on roentgen examination or at operation. 

Tendon Rupture ; Codman and Akerson in 1931 reported obser- 
vations made at autopsy on 100 shoulder joints taken from 52 aged 
persons. This work was supplemented by the study of a second senes 
of 100 shoulder joints in 1933. Rupture of the supraspinatus tendon 
was found in 39 per cent of these specimens. Normally the base of the 
bursa is as smooth, spherical and colorless as the cartilaginous surface 
of the head of the bone, but it has not the bluish luster of cartilage. 
Tears of the short rotators are visible after the roof of the bursa is 
incised. Rotation of the humerus brings various parts of the bursa into 
view. In the article by Codman and Akerson,’^ Codman stated . 

My own experience has led me to the conviction that rupture of the supraspinatus 
tendon is by far the most common cause of industrial shoulder disability an a 
complete rupture is a more painful, more serious, and more disabling lesion a 
fracture of the humerus or dislocation of the shoulder. It is the usua cause 
traumatic subacromial (subdeltoid) bursitis. 


13. Wrede, L.: Ueber Kalkablagerungen in der Umgebung 

Ihre Beziehungen zur Periarthritis scapulo-humeralis. Arch. f. Win. nr. 

14. Moschcowitz, E. : Histopathology of Calcification 015 . 

as Associated with Subacromial Bursitis, Am. J. M. Sc. 150:llo- - . 
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A. W. Meyer thoroughly investigated fraying of the long head 
of the biceps tendon and has published many articles explaining the 
changes in the tendons caused by attrition, with secondary changes 
resulting in calcification. He stated that excessive use of the shoulders 
by laboring men may by friction between the humerus and the acromion 
wear through the supraspinatus tendon and joint capsule and destroy 
the biceps tendon as it courses across the joint over the cartilaginous 
head of the bone. 

ROENTGEN FINDINGS 

Technic . — Positive roentgen findings have been reported by various 
authors, including Codman, Brickner,^® King and Holmes,^^ Mum- 
ford and Martin and others. Roentgen examination should be made 
in all cases, whether the condition is of traumatic or spontaneous origin. 
Standard exposures of the shoulder are ample. The patient should be 
in the supine position, and the rays should be directed at the joint. 
Stereoscopic views, although not necessary in most cases, may be of 
value in showing whether or not a specific shadow is attached to the 
bone. It is imperative that roentgenograms be taken with the arm both 
in internal and in external rotation. The film taken with the arm in 
the position of external rotation is perhaps best made in the extreme 
of this motion with the arm abducted to an angle of 90 degrees and 
the hand lying at the head, palm up. 

When motion at the shoulder is limited it may be impossible to 
obtain the optimum position for the taking of the roentgenograms. 
When one is searching for calcification care should be taken not to 
overexpose or overdevelop the films. The shadow, especially if it is 
small, may be obliterated on films that are too dark. 

A comparative examination of the opposite (normal) shoulder must 
be made in all cases. Calcification has been found in the symptomless 
shoulder in cases in which none was present in the shoulder that was 

15. Meyer, A. W. : Unrecognized Occupational Destruction of the Tendon 
of tlie Long Head of the Biceps Brachii, Arch. Surg. 2:130 (Jan.) 1921; Spon- 
taneous Dislocation and Destruction of the Tendon of the Long Head of the 
Biceps Brachii: Fifty-Nine Instances, ibid. 17:493-506 (Sept.) 1928; Further 
Evidences of Attrition in Human Body, Am. J. Anat. 34:241-267, 1924. 

16. Brickner, W. M. : A Simple Easily Regulable ^lethod of Applying 
Abduction in the Treatment of Shoulder Disability, M. Rcc. 87:15, 1915; Pain in 
the Arm: Subdeltoid (Subacromial) Bursitis; a Further Study of Its Clinical 
Types, Pathology, and Treatment, T. A. M. A. 69:1237-1242 (Oct. 13) 1917. 

17. King, T. l^L, Jr., and Holmes, G. W. : The Diagnosis and Treatment of 
Four Hundred and Fiftv Painful Shoulders, 1. M. -A 89:1956-1960 (Dec. 3) 
1927. 

IS. Mumford. E. B., and Martin, J. F. : Calcified Deposits in Subdeltoid 
Bursitis, J. A. Si. A. 97:690-694 (Sept. 5) 1931. 

19. Footnote deleted. 
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the subject^ of the patient's complaints. The importance of such find- 
ings is obvious and is of great value in the proper interpretation of the 
problem. 

In cases in which the deposit lies over the summit of the humerus 
it may be obscured by superimposition of the posterior portion of the 
acromion and the head of the humerus if films are taken by the routine 
method of directing the rays at right angles to the shoulder. The space 



Fig. 1 (case 20, table 3). — A, roentgenogram taken preoperatively, showing 
calcification of the tendon and the bursa. B, roentgenogram taken postoperatively, 
showing the excellent results of the operative treatment. 



Fig. 2 (case 19, table 3).— Roentgenogram showing calcification of the tendon 
and of the floor of the bursa. Removal gave good results. 


is best brought out in the film by directing the central ray caudalwar 
and laterally by about 10 degrees in each direction. Increase o tie 
angle caudally beyond 15 degrees may project the anterior lip o le 
acromion on the space in such a way as to simulate erroneous }' a ar 
deposit. The usual location of the deposit is lower and or man > 
not obscured by the acromion. j 

RocmgenograpMc Pktvre.-lh^ presence of oalcitation 
and 2) is evident on roentgen examinations. King and Ho 
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positive findings in ISO of 450 cases in which roentgen examination was 
done. Mumford and Martin found deposits in 14 of 16 cases. 

When studying the roentgenograms in a case of subacromial bursitis 
one should keep the following facts in mind : 

1. Roentgen evidence of pathologic change is not present in all cases. 
Whereas films showing definite evidence of pathologic change are of 
significance in establishing, the diagnosis, normal roentgenograms are 
of no aid in differentiating or eliminating the disease, and one must 
rely for correct diagnosis entirely on the history, physical findings and 
progress of the lesion. 

2. Changes in the soft tissues are due to areas of calcification in the 
tendinous tissue underlying the bursa. The visible shadow in the 
roentgenogram is adjacent to the greater tuberosity of the humerus 
and may var}' in size from a pinpoint shadow to a large shadow 1 inch 



Fig. 3 (case 3, table 3). — Roentgenogram showing an avulsion fracture of the 
greater tuberosity. The results of treatment were good. A trichina cyst of the 
supraspinatus tendon was found at operation. 

(2.5 cm.) or more in diameter. The shadow may represent a single 
large deposit or a collection of many small deposits in the area. 

3. Chip fractures of the tuberosities (fig. 3) lying in the soft tissues 
adjacent to the humerus are differentiated by the denser shadow which 
they cast on the films and by their sharpness of outline. A defect in 
the humerus at the site of the fracture ma}’- be discernible in some 
cases. In cases of fracture of long standing the differentiation may be 
more difficult, as the shadow may be rounded and have a hazy appear- 
ance; but it may then be easier to recognize the site of fracture in 
the humerus, as there ma}' be some rarefaction to accentuate the defect. 

4. Ihe anterior lip of the acromion may be superimposed on the 
clear space usually appearing between the acromion and the humerus, 
llie fact that the clavicle will be seen to articulate with the shadow 
will serve to differentiate it from a large deposit and to identify it as 
the acromion. 
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5. Atrophy of the proximal end of the shaft, with subchondral 
cysts, may be found in association with both arthritis and bursitis and 
may also be caused from disuse. The differentiation cannot be, made 
entirely on the basis of the roentgen findings. Evidence of arthritis in 
other joints may aid in the differentiation. The presence of bony 
exostoses (fig. 4), either arthritic or developmental, is important. These 
may be responsible for concomitant bursitis. .Their surgical removal may 
result in sensational disappearance of symptoms and return of function. 

6. Other pathologic conditions, such as metastases from malignant 
lesions, primary malignant lesions of the bone, infection of the bone 
and localized areas of rarefaction, such as may be associated with leu- 
kemia and Hodgkin’s disease, may be demonstrable roentgenograph- 
ically. The possibility of such lesions must always be watched for and 
their presence recognized. 



Fig. 4 (case 21, table 3). — Roentgenogram taken after an operation, showing 
removal of an exostosis of the tuberosity. The results of the operation were goo . 


7 . Diagnostic errors arising from failure to make exposures with 
the arm in both external and internal rotation are inexcusable in exami- 
nation of the shoulder, not only for bursitis but for any lesion that ma) 
be suspected. Such exposures give views of the humerus in the anterior 
posterior and lateral positions. 

8. Calcification without symptoms is occasionally found and, as 
has been commented on, may indicate a previous injury. Comparatne 
studies of the normal shoulder are therefore necessary for proper 
pretation. Carnett reported deposits in as many as 25 per cent o 
symptomless shoulders. He concluded that this probably indicates a 


20. (a) Carnett, J. B.: So-Called Calcifying Subacromial_ Bursitis 
17:505-513, 1931. (5) Carnett, J. B., and Case, E. A.: A Clinical 
Discussion of So-Called Subacromial Bursitis, S. Clin. North America 


1929. 
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earlier bilateral lesion. Deposits may appear later in the painful shoul- 
dei', as the early complaints may be entirely due to inflammation and 
the examination may have been made before the deposits were laid 
down. 

9. Free bodies in the joint, of synovial or bony origin, ma}' be 
confusing. These may be attached to the s)movia and thus may not 
show change of position in successive roentgenograms. The position 
of the bodies and failure of the condition to respond to pltysical therapy 
should aid in the roentgenographic differentiation. 

SYMPTOMS 

The symptoms of subacromial bursitis vary greatly and are modi- 
fied by the cause and the complexity of the pathologic changes. A 
classification of the different types of this condition can be accepted 
only if the symptoms are correlated with the pathologic process involved. 
Various classifications are made by different authors on the basis of 
roentgen and clinical findings, but all these fall into the various patho- 
logic groups. 

From his observation of cases of subacrominal bursitis Codman has 
classified the condition into the following clinical types: (ff) acute 
spasmodic bursitis, (b) subacute adhesive bursitis, (c) chronic nonad- 
hesive bursitis, and {d) bursitis due to complete tendon rupture. Bur- 
sitis due to partial tendon rupture may come under any one of the first 
three forms, depending on the extent to which the bursa is involved. 
This classification is based on the pltysical findings which, in turn, are 
determined by the underlying pathologic process. 

Acute Spasmodic Bursitis . — Patients with this type of bursitis pre- 
sent themselves with local evidence of inflammation, pain, tenderness 
and secondary muscular spasm. Serous tension and calcium deposits 
may or may not be present as a result of the acute inflammation of the 
ljursa. Bursitis due to acute partial tears of the tendons may be of 
this type. The shoulders in such cases are locked by refle.x spasm 
(scapulohumeral spasm), and free motion is limited to an arc of about 
10 degrees. Acute partial tears of the supraspinatus tendon give rise 
to the same symptoms. Patients with this type of bursitis maintain the 
shoulder in a sling, and the condition therefore tends to become subacute 
or chronic. 

The tenderness found is usualh' below the acromion to the outer side 
of the bicipital groove. It may be localized over one point or may be 
difiuse over the entire bursa, its location depending on the nature of 
the itijury. When the condition is associated with a tear in the supra- 


21 and 22. Footnotes deleted. 
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spinatus tendon, tenderness is on tlie greater tuberosity, which is tlie 
point most prominent and also most vulnerable, as it is poorly covered 
by muscle. 

In the absence of adhesions the tenderness will disappear under 
the acromion when the arm is abducted beyond 90 degrees. This is 
called Dawbarn’s sign. 

Pain may extend down the outer side of the arm into the hand and 
fingeis or to the cervical region, or it may be confined to the region 
of insertion of the deltoid muscle. It may be constant, may become 
worse at night and may make it impossible for the patient to sleep on 
the affected side. Exacerbation of the pain during inclement weather 
is not uncommon. 

Effusion into the bursa, when it occurs, is difficult to palpate, as it 
is covered by muscle. It may, however, sometimes be demonstrable 
by puffiness over the bursa. 

Motion of the arm may be limited because of the associated pain as 
well as by actual spasm or adhesions. 

Codman in 1912 offered the following clinical test to aid in differ- 
entiating muscular spasm from true adhesions. The patient with acute 
spasmodic bursitis cannot abduct the arm because of the protective 
muscular spasm which wards off the associated pain. However, he can 
bend forward with the knees straight and wu’th the finger tips to the floor. 
In this position the huinerus is abducted on the scapula by gravity alone, 
without any muscular effort. Therefore, in such cases the arm can be 
raised over the head as the patient rises, although such motion was con- 
sidered impossible of execution. 


Case 1. — C. W., a man aged 57, came to the clinic complaining of pain in the 
right shoulder and limitation of motion of eight months’ duration. The onset was 
gradual and was not associated with any trauma. The pain radiated down the 
arm to the wrist and was worse when the weather was inclement. Physical e.xamina- 
tion showed some limitation of all motions about the shoulder, due to reflex spasm 
from pain. Abduction and external rotation were especially restricted. A point 
of tenderness was present over the greater tuberosity in the region of insertion o 
the supraspinatus tendon. Roentgenograms showed atrophy of the proxima cn 
of the humerus. A diagnosis of subacromial bursitis was made. Treatment con 
sisted of physical therapy. Complete relief of symptoms was obtaine m 
weeks. 


Case 2.— E. A., a girl aged 17, entered the clinic with a history of direct trauma 
to the shoulder three and one-half months prior to entry, resulting m ^ 
clavicular dislocation which had been treated by immobilization m a 
three weeks. The complaints were pain in the shoulder and limitation ° 
especially abduction and external rotation. A tender spot was presen 
greater tuberosity. Treatment consisted of the injection of cc. ° ^ ^ 

solution of procaine hydrochloride into the bursa. After tns ^ 

complete range of motion was possible. The injection was rep 
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week. Tlie arm was kept in an abduction splint and was treated witli physical 
therapy. Full range of motion and complete relief from pain followed in three 
and one-half months. 

Subacute Adhesive Bursitis . — This type of Inirsitis in which actual 
adhesions are present between the roof and the floor of the bursa is 
a result of progression of acute spastic bursitis. There is an actual 
ineclianical limitation of motion, especially of abduction and external 
rotation. The limited motion greatly diminishes the amount of pain. 
Atrophy of the muscles about the shoulder joint and possibl}’ of the 
entire arm may be present. As has been mentioned jDreviously, the Daw- 
barn sign is usuall)' absent, as motion is too limited to allow the 
tuberosity of the humerus to pass under the acromion. Approximately 
10 degrees of free motion in the joint is also present in such cases, 
with additional motion resulting from movement of the scapula. 

Case 3. — R. K., a woman aged 42, entered the clinic with pain in the left 
shoulder and limitation of motion. She had landed on her arm in an attempt to 
guard herself in a fall five months previousb'. No treatment was given for three 
months ; then the arm was treated by rest in a sling for six weeks. When the 
patient was admitted to the clinic a slight degree of motion of the shoulder was 
present in all directions except that of outward rotation. Abduction was limited 
to 60 degrees. A tender spot was present over the subacromial bursa. Roentgeno- 
grams showed no pathologic process. A diagnosis of adhesive bursitis was made. 
The shoulder was manipulated (with the patient under a general anesthetic) into 
abduction and outward rotation and was then placed in a platform splint. Physical 
therapy was given. Six weeks after the manipulation the condition of the patient 
was definitely improved. 

Chronic Nonadhesive Bursitis . — This type of bursitis follows absorp- 
tion of some of the adhesions of the subacute lesions in the process of 
healing. The previous acute inflammation of the bursa leaves the walls 
roughened and thickened. In such cases the symptoms are prolonged 
and have exacerbations over a period of years. Motion is good, but 
pain results when a full arc of movement is attempted. The variable- 
ness of the points at which intermittent pain occurs is due to irregulari- 
ties and roughened areas of the bursa passing under the acromion. 
This pain may radiate to the cervical region or to the point of insertion 
of the deltoid muscle. As a result motion of the shoulder is uneven 
and jerky but is free of scapular movement. 

Tenderness may or may not be present. However, if it is present 
the Dawbarn sign is also present. Abduction and external rotation are 
only slightly limited, but at some point in abduction painful locking 
occurs ; it will disappear on further abduction. This pain is referred 
to as Codman’s sign. 

Case 4. — H. B., a man aged 56, entered the clinic complaining of pain and 
limitation of motion since straining the arm four weeks previousb'. A similar 
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incident had also occurred two years earlier, but the condition subsequently cleared. 
Some taiderness was present over the great tuberosity. Slight atrophy of the 
supraspinatus muscle was also present. Abduction was free to 90 degrees, at 
which point an impediment and jar resulted in pain, after which abduction could 
be continued (Codman’s sign). Treatment with an abduction splint and physical 
therapy gave some improvement in two months. 

Bursitis Due to Partial Tears of the Supraspinatus Tendon.—Thxs 
injury may give rise to bursitis of the first three t)Tes as follows: If 
the tendon is barely nicked and only a few tendon fibers are involved, 
acute spastic bursitis results; this may develop into subacute adherent 
bursitis. With healing, simply a little residual notch in the bursa may 
be left; the original symptoms may subside, and chronic nonadhefent 
bursitis may result. 

Bursitis Due to Complete Tendon Rupture . — It is of prime impor- 
tance to recognize complete tendon tear. It usually occurs in laborers 
over the age of 40, who have no complaints before the accident and in 
whom an adequate injury is followed by immediate sharp pain with 
loss of power to induce abduction. With complete laceration of the 
supraspinatus tendon, abduction cannot be completely maintained even 
against feeble downward pressure on the arm. The deltoid muscle 
cannot initiate or maintain abduction unless the supraspinatus muscle 
holds the head of the humerus firmly in the glenoid fossa. 

A local tender spot is present at the tip and lateral aspect of the 
acromion. Palpation of a sulcus may be possible at the point of rupture, 
as the tendon is retracted. This may also indicate the presence of a 
deposit. A sharp pain is elicited as the defect in the tendon passes 
under the acromion during abduction of the arm (at about 30 to 50 
degrees). 

Case S. — H. B., a man aged 61, entered the clinic four weeks after a sudden 
jerk of the arm was followed by sudden, sharp pain in the shoulder and by restnc- 
tion of abduction to IS degrees. A tender spot was present at the insertion of the 
supraspinatus tendon. Treatment for three weeks after admission, with physica 
therapy and an abduction splint, resulted in no improvement. Operation showc 
rupture of the supraspinatus tendon, which was found curled up under the acromion. 
Repair was followed by loss of pain and complete return of function in t me 
months. This patient has now been observed for four years and ten months. e 
states that he believes the shoulder which was operated on to be stronger an 
better than the opposite shoulder. 


CLINICAL ANALYSIS OF A SERIES OF TWO HUNDRED AND 
EIGHTY-EIGHT CASES 

In analyzing the series of 288 cases from the orthopedic department 
of the State University of Iowa, I have not divided them mto gr^ip 
except as to type of onset, because the various types 
bursitis blend into each other, as indicated m the preceding 
symptoms. 
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Age Incidence and Onset . — The age incidence and the relation of 
age to onset are shown in table 1, The greatest incidence is between 
the ages of 40 and 70. Of the patients with traumatic bursitis only 3 
were under 20. The youngest of these was 16. Of the patients with non- 
traumatic bursitis 5 were under 20. The youngest of these was 17. 
Constitutional changes as Avell as trauma may take their toll early in 
life. Trauma is seen to play an important role as the cause of the 
pathologic changes which in cases of nontraumatic bursitis must result 
from constitutional deficiencies, age and nutritional disturbances. 

Sex . — Sex does not play an important role. Of 285 patients, 149 
were male and 136 were female. This indicates an essentially equal 
incidence. 

Extremity Involved . — In a total of 280 cases the right shoulder was 
involved in 165, the left in 102 and both shoulders in 13. The greater 

Table 1. — Rclaiion of Onset to Age Incidence 


Traumatic: 
Direct and 


Age Group?, Tear? Indirect 

10-20 3 

20-SO n 

30-40 10 

40-50 23 

50-00 45 

60-70 29 

70-80 C 

Over 80 0 

Not noted 4 

Totals 137 


Onset 


Xon- 

Xot 

Totals lor 
Each Age 

trnumntlc 

Noted 

Group 

5 

1 

9 

23 

0 

40 

C 

1 

17 

27 

0 

60 

37 

1 

83 

27 

0 

56 

4 

0 

10 

0 

1 

1 

17 

1 

22 

146 

5 

28S 


incidence for the right arm is probably due to the fact that this limb 
is generally subject to more exposure and use both in industry and in 
sport. 

Arthritic Changes . — Of 288 patients, 47, or 16 per cent, had evidence 
of arthritis either in the shoulder or in other parts. Of the total number 
of patients, IS, or 5 per cent, showed localized evidence of arthritis 
in the shoulder. The incidence of arthritis is important as a complica- 
tion of bursitis and is a factor in prognosis. 

General Symptoms and Findings . — ^Table 2 shows the incidence of 
general symptoms and findings. 

(a) Pain varied in severity but was present in all cases. 

(&) Radiation of the pain was to the insertion of the deltoid muscle, 
the neck and down the arm to the wrist and hand. 

(c) Atrophy ma}’- involve the supraspinatus, the infraspinatus and 
the deltoid muscle. It varies with the duration of the disability and 
with the degree of fixation of the shoulder. 
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(d) The pressure point over the greater tuberosity may be small 
or may be diflfuse over the entire bursa. Its extent is indicative of the 
amount of inflammation and the resultant disability. 

(e) Restriction of motion was present in 95 per cent of cases. 
Abduction and external rotation are the motions most commonly affected. 
Some motion persists in all such cases ; this differentiates the condition 
from the “frozen shoulders” associated with arthritis. 

(/) Roentgen findings are an important aid in diagnosis. Repeated 
examinations and comparative studies of both shoulders are desirable 
in all cases. 


Table 2. — Incidence of General Si’mptoms 



Incidence 



Number of 


Total 


Cases 

Percentage 

Number 

Cases studied '. 



2SS 

Pain 


100 


Radiation of pain 

43 

15 


Muscular atrophy 


20 


Pressure point over greater tuberosity 

JC9 

5S 


Cases studied for limitation of motion 

... 

. . • 

204 

Limitation of motion 

251 

93 


Abduetion aione 

8S 

S3 


External rotation alone 

11 

4 


Internal rotation alone 


1— 


Abduetion and external rotation 

71 

2S 


Abduction and intemai rotation 

12 

4 


External and internal rotation 

3 

1 


Ali motions restricted 


26 


Roentgen examinations 

. . ... 

... 

154 

Positive findings 


60 


Calcification 

2S 

IS 


Atrophy 

34 

22 


Local arthritis 

IS 

10 

— 


DIFFERENTIAL DIAGNOSIS 

Although subacromial bursitis may coexist with many other lesions, 
it must be differentiated from certain conditions as follows; 

Fractures . — Immediately after trauma the presence of fractures of 
the tuberosities, fractures of the surgical and anatomic neck of 
humerus and fractures of the clavicle can be easily discovered by t 
characteristic roentgen findings of these conditions and by the presence 
of ecchymosis and swelling on the inner side of the arm. With adequa e 
roentgenograms, fractures should never be overlooked. 

Dislocation. — Dislocation of the head of the humerus, as mcII as 
acromioclavicular separation, are easil}'- differentiated from subacromm 
bursitis by the roentgen and physical findings characteristic o tie^^ 
lesions. Inflammation and involvement of the bursa may be , 

immediately after the injury, or it may not appear until after pro 
immobilization of the shoulder or until mobilization is resumed. 
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sitis becomes manifest by tlie continued presence of disability and b)' 
physical findings which are characteristic of it but cannot be explained 
by the original lesion. 

Tumors About the Shoulder . — Malignant tumor, giant cell tumor 
and cystic disease of the bone may be present in the upper end of the 
humerus and may cause secondaiy involvement of the bursa. Such 
lesions are of uncommon occurrence in the clavicle and scapula. Pain 
and limitation of motion may be the only earh' symptoms and may thus 
simulate the early stages of bursitis. Such symptoms in a patient under 
the age of 20 should be, watched carefull}’ for possible giant cell tumor. 
A persistent, growing tumor mass is characteristic. The characteristic 
roentgen findings will aid in identifying such lesions. 

Tuberculosis . — The differential diagnosis of tuberculosis may be 
difficult. Tuberculous invasion takes place about the intertubercular 
notch and therefore involves the short rotators and the bursa so that 
fixation of the shoulder results. However, the roentgen picture is char- 
acteristic. The atrophy of the muscles about the shoulder is more 
generalized and more marked than in cases of bursitis, and there may 
be no motion whatever about the shoulder. The slight degree of 
motion always present with bursitis proper is absent with tuberculosis. 

Syphilis . — Although such a condition is rare, syphilitic involvement 
of the shoulder may be present. Differentiation depends on the history, 
the Wassermann reaction, the roentgen findings and the presence or 
absence of signs of syphilis elsewhere. 

Arthritis . — The bursa ma}'^ be involved in cases of chronic arthritis 
either of the atrophic or of the hypertrophic variety. Atrophic arthritis 
gives rise to symptoms of true inflammation, local tenderness, complete 
loss of motion, a more obtuse angle between the scapula and the shaft 
and frequent involvement of other joints. H 3 'pertrophic arthritis pro- 
duces bursitis because of irritation of the bursa caused by the existing 
exostosis. In cases of arthritis the capsule is found to be tender in 
the axilla. 

The irozen shoulder caused by spasm or adhesions must be differ- 
entiated from the frozen shoulder caused by arthritis. The midposition 
of arrest of the shoulder due to arthritis is in 25 degrees flexion and 
forward motion, so that when the arm is at the side the vertebral border 
of the scapula is no longer straight down but points medially in midline. 
This finding is never present in the frozen shoulder associated with 
bursitis. This position is described by Lange. 

Acromioclavicular arthritis is characterized by local tenderness at 
the joint with a possible luxation and thickening ; these symptoms are 
helpful in differentiation of the lesion from bursitis. 
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Spicdn of Adductor Insertions . — In cases of trauma involving the 
legion of insertion of the pectoralis major and latissimus dorsi muscles, 
pain on external rotation is entirely limited to the inner side close to 
the axillary fold and can be elicited by palpation. In cases of trauma 
to the subscapularis tendon, the tenderness is located over the lesser 
tuberosity. 

Brachml N eurihs . — Codman stated that there is no such thing as 
brachial neuritis and that the pain in the arm is due to traumatic or 
inflammatory changes in the subacromial bursa or in the surrounding 
musculotendinous tissue. He concluded that herpes zoster may be the 
manifestation of true neuritis. 


Injuries of the Biceps Tendon . — ^The biceps tendon is well protected 
beneath the bursa and the tendinous expansion of the supraspinatus 
muscle. According to Codman, severe direct trauma to the capsule, 
including its rupture, is necessary to injure or displace the biceps tendon. 
Yet Meyer has repeatedly reported evidence of attrition of this tendon. 
Rupture does occur, and it may take place at the tendinous insertion, 
at the site of union of the muscle and the tendon or in the intertuber- 
cular sulcus (the most frequent site), with resultant degenerative 
changes in the tendinous tis.sue as a complement of arthritis. Inflam- 
mation of the sheath of the biceps tendon may simulate subdeltoid 
bursitis. All motions of the humerus involve motion of the tendon in 
its sheath. Lesions of the sheath may occur, and when they are present 
the tendon does not move within the sheath. Inflammation of the sheath 
results in symptoms of bursitis. The local tenderness in such cases is 
in the bicipital groove. Whereas forward and backward m'otion may 
be free in cases of bursitis, the bicipital tendon is called into vigorous 
play in these motions, and the presence of even 10 degrees of painless 
motion in these directions indicates absence of inflammation of the 
sheath of the biceps tendon. 


THEATMENT 


Conservative Treatment . — The patient with acute bursitis without 
deposit of calcium is treated conservatively by means of opiates an 
sedatives, rest, abduction, heat and diathermy and also with passne 
motion within the range of comfort. Steindler concluded that oci 
of infection play a contributing role in the production of all such lesions 
and should by all means be checked and removed when present, t is 
not the purpose of this paper to discuss the general importance o sue i 


23. Steindler, A.: Reconstructive Surgery of *e Upper Extremity, 

. Appleton and Company, 1923 ; Subacromial Bursitis, read to ,he 

cademy of Orthopedic Surgeons, Jan. 14, 1936; personal comm 

ithor. 
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foci, but for lesions so closel}' associated with arthritis the removal of 
infective foci seems logical and rational. 

Opiates and sedatives for the relief of the actual pain will relieve 
the anxiety of the patient and of the family and will make for better 
cooperation between the patient and the ph3"sician. It will also make 
it much easier to proceed with conservative measures and to give them 
an adequate trial. 

As with acute inflammation elsewhere in the bodjq rest is of prime 
importance. For the patient with mild bursitis, rest of the shoulder 
in a sling is suflicient. For one with more severe bursitis, immobili- 
zation of the shoulder in an abduction splint with the arm in abduction 
and outward rotation is more desirable and should be employed in spite 
of the inconvenience that attends keeping the arm in this position. The 
abduction splint permits relaxation of the rotators and alloAVs the tender 
point on the base of the bursa to avoid making contact at the acromion. 
The use of the abduction splint was described by Monks as early as 
1890. 

The recumbent abduction position of Brickner is admirably suited 
for the patient with spasticity of the muscles and for one who is bed- 
ridden or who prefers being in bed to walking around with an abduction 
splint. The patient remains in bed with the arm abducted as much as is 
comfortabl)’’ possible. The arm is supported by a pillow; a muslin 
loop is attached from the wrist to the head of the bed, and the upper 
end of the bed is elevated. The body will gradually slide to the foot 
of the bed and the arm will travel relatively farther and farther up. 
Thus a shoulder resistant to forcible abduction will yield to gradual 
countertraction without pain to the patient. It may take a week or 
more in some cases but, according to Brickner, the spasm may some- 
times be overcome in as short a time as twenty-four hours. This 
treatment ma)'’ also be reserved for use only at night and may be alter- 
nated with the use of the abduction splint. Brickner did not recommend 
this gradual traction in cases in which it proves to be painful or fails 
to give prompt increase in the range of motion. 

Heat, mild massage and passive motion, especially with the patient 
in the stooping position, are beneficial and should be administered. The 
extent of passive motion should always be limited so as not to produce 
any pain. Injection of procaine hydrochloride may be used to relieve 
pain and spasm, to help in the differentiation of the condition from 
true adhesive bursitis and to help in overcoming spasticity before the 
arm is placed in abduction. 

For acute bursitis presenting localized S3'mptoms, irrigation of the 
bursa with saline solution has completety relieved the S3’mptoms. Using 
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the technic of Smith-Petersen, Patterson and Darrach insert two 
needles into the bursa, after anesthetizing the skin with procaine hydro- 
chloride, and lavage the bursa with about 2 ounces (60 cc.) of saline 
solution. The bursa luay be approached through the anterior and also 
through the anterolateral portion of the deltoid muscle, as is also 
described by Steindler, Patterson and Darrach obtained calcium salts 
in the lavage even in cases in which the roentgen findings were negative. 
From anatomic studies it might appear almost impossible to enter the 
bursa in this manner ; but in the presence of pathologic changes the 
walls of the bursa are thickened and the sac is widened from the ten- 
sion. This makes entry easier than might be anticipated. 

Injection of sclerosing and antiseptic solutions into the bursa has 
also been attempted, as was reported by Fields,-® who injected a 5 per 
cent solution of iodoform into the bursal sac. This treatment has not 
been accepted. 

Diathermy has given excellent results in the hands of many and is 
perhaps the most efficacious of the physical means of treatment. Deer- 
ing claimed priority in 1916 for the first recorded attempt to treat 
the lesion “by means other than drugs, surgery, or orthopedic mea- 
sures.” Mumford and Martin reported good results in 16 cases. 
Coopermann, Resnik,-’' Harris and Titus,-® among others, have reported 
excellent results following diathermy treatment of the calcifications, with 
absorption after the treatment. 

Roentgen treatment too has been used with good results and 
deserves consideration, I have had no personal experience with this 
form of treatment. The amount of exposure given is not a barrier to 
subsequent surgical treatment and may be considered before surgical 
intervention is tried although perhaps not until all other conservative 
measures have failed to give relief. Lattman in a recent report 
described the following routine technic which has given good results 
in his hands : 350 roentgens at 200 peak kilovolts, filtered with 0.25 mm. 
of copper, was given through a port 15 cm. square at a distance o 
50 cm. This dose was apjilied to both the anterior and the posterior 


24. Patterson, R. L., and Darrach, W. : Treatment of Acute Bursitis by t'cc e 
Irrigation, J. Bone & Joint Surg. 19:993-1002, 1937. 

25. Fields, S. O. : Subacromial Bursitis, New York M. J. 101:163, ' 

26. Deering, G. E. : Physical Treatment of Subacromial Bursitis, Phys. I her p. 

48:362-366, 1930. „.322. 

27. Resnik, J. : Phy^siotherapy in Subdeltoid Bursitis, Phys. 1 nerap. 

329, 1929. . ^ . . . r 

28. Titus, N. E. ; Electrical Treatment of Subdeltoid Bursitis, A .J- 


6:318-334, 1929. _ 

29. Lattman, I. : Treatment of Subacromial Bursitis by Roentgen 
Am. J. Roentgenol. 36:55-60, 1937. 
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aspect of the shoulder. The symptoms may be aggravated during the 
first t\vent 3 '-{our hours after such treatment, but a definite decrease of 
pain and increase of mobility appear in the second twenty-four hours. 
One such exposure usualh- suffices, but a second treatment may be neces- 
sary for complete relief. Lattmaii gave this treatment in 20 cases in 
which the patients have been followed from one to five years. 

Acute bursitis judiciously treated, Avith early movement and no pro- 
longed fixation, may be cured within a few weeks. 

Manipulative Treatment . — If after two or three months of conserva- 
tive treatment there is no improvement, it is usually because there are 
adhesions either without much fixation or with a frozen shoulder. Care- 
ful manipulation of the shoulder, that is, stretching without use of 
force, is beneficial. Attempts to force the adhesions do not give good 
results and may even result in a tear of the subscapularis tendon. After 
such manipulation the arm should be maintained in abduction and out- 
ward rotation in order to keep the adherent surface apart and opposite 
healthy tissues. It is preferable to incise down on and cut the adhesions 
rather than to use force to free them. 

For adhesions that are still plastic, the spasm from pain being the 
main cause of the limitation of motion, treatment should follow the lines 
of that for acute bursitis with spasm. Adhesive bursitis associated with 
tendinitis is usually cured in from six to twelve months of conservative 
treatment, although it may persist for two years if there are secondary 
contractures. 

Operative Treatment. — Bursa; Immediate incision and relief of ten- 
sion or removal of the deposit has been recommended by Codman, 
Brickner, Carnett, Ferguson,®® and Haggart and Allen.®^ Steindler 
and Campbell, among others, concluded that conservative measures 
should be used and that indications for more radical treatment should 
be made only on specific findings or on failure of conservative measures 
to give adequate improvement. 

The operation for exploration or drainage of the calcification neces- 
sitates only a small incision over the tuberosity. The deltoid fibers are 
separated, and the bursa is notched. The niche may be enlarged for 
exploration of the floor of the bursa, and as the arm is rotated the short 
rotators can be seen at the head. The calcified material appears as a 
deep red, circular zone on the base of the bursa, with a whitish mound 
in the center. When this is opened, the calcified material will exude 

30. Ferguson, L. K. ; Painful Shoulder Arising from Lesions of the Sub- 
acromial Bursa and Supraspinatus Tendon, Ann. Surg. 105:243-256, 1937. 

31. Haggart, G. E., and Allen, H. A.; Painful Shoulder; Diagnosis and Treat- 
ment with Particular Reference to Subacromial Bursitis, S. Clin. North America 
15:1537-1560, 1935. 
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as though under pressure. All available material should be curetted 
out, and all adhesions within the bursa should be cut or broken. Part 
of the roof may be excised and the wound closed. Haggart and Allen 
give active exercises within forty-eight hours, with the application of 
heat and hot fomentations. They allow their patients to be up on the 
third day and have had no recurrences in 25 cases in which operation 
was performed. 

Both calcified deposits and osseous overgrowths may cause irritation 
and may give mechanical difficulties as impediment to motion. In such 
cases operative removal is indicated and is necessary before any relief 
can be expected. 

Tendon Repair : Complete rupture of a tendon necessitates operative 
repair unless operation is contraindicated by the general condition of 
the patient. The technic developed by Codman and by Wilson gives 
good results. General anesthesia is best employed with the patient lying 
on his back ; a sandbag is placed under the scapula to make the greater 
tuberosity as prominent as possible. It is desirable to explore the bursa 
and to determine the extent of the lesion before proceeding with a wider 
exposure of the tendon. For this purpose a small incision is made, about 
2 inches (5 .cm.) in length, extending downward from the acromio- 
clavicular joint and splitting the fibers of the deltoid muscle. It should 
not be extended farther, as there is danger of severing the anterior 
portion of the axillary nerve and causing paralysis of the anterior fibers 
of the deltoid muscle. The bursa is entered, and with rotation and 
traction on the arm the greater and lesser tuberosities and the tendinous 
attachments can be visualized. A rupture appears as a gap in the cap- 
sule, through which the articular cartilage of the head is visible. When 
the rent is small the tendon can be pulled from under the acromion 
with a forceps and sutured to the tuberosity. With a larger gap a wide 
exposure of the tendon is necessary. For this, Codman’s saber-cut 
incision is used. This incision passes posteriorly over the top of the 
shoulder from the acromioclavicular joint. Wilson divides the articu 
lation and cuts through the acromion with a saw to give a wide exposure. 

A channel is made in the anatomic neck of the humerus and the inner 
face of the greater tuberosity, and several drill holes are made throug i 
the greater tuberosity into the channel. The fibrous edge of the ten on 
is excised, and with the arm in abduction the tendon is approximate to 
the channel and sutured in place through the drill holes with sutures o 
silk or of fascia lata. The acromion is sutured to the 1 

catgut. It is not necessary to suture the divided fragments o 

acromion. 

32. Wilson, P. D.: Complete Rupture of the Supraspinatus Tendon, J. A. H A- 
96:433-439 (Feb. 7) 1931. 



RUBERT—SUB ACROMIAL BURSITIS 


639 


Postoperative fixation in a platform splint should be maintained for 
three weeks ; this should be followed by daily removal of the splint and 
by discontinuance of its use by the end of four weeks. There is usually 
a complete return of function in from three to four months after ade- 
quate massage and physical therapy have been given. 

Operation was performed in 21 of the present series of cases. A 
summarv’ of the data is given in table 3. The patient in case 1 showed 
rupture of the tendon of the supraspinatus muscle and rupture of the 
long head of the biceps tendon. The former was repaired, but the ends 
of the biceps tendon could not be located. The result of the operation 
was good : there was complete return of function. 


T.-\ele 3. — Stiir.rr.ary of Cases its ■zoJsich Oteratiois Wes Pc'rfonr.Ld 


Caso 



Period of 


2so. 

Patient 

Patliolosic Condition 

Observation 


r 

H. B. 

Rupture oj the supraspinatus tendon 

4 vr. 10 mo. 

Good 


.T. B. 

Kuptiu'e of the supraspinatus tendon 

2yr. 

Good 

O 

J. il. 

Trichinosis affectinc the supraspinatus muscle 





avulsion fracture of the preater tuberosity 

4 yr. ? mo. 

Good 

4 

W. S. 

Contractures of the latissimus dorsi and pector- 





alls major muscles 

? yr. 

Good 

3 

T.K. 

Rupture of the suhscapularis tendon 

10 mo. 

Improvement 

0 

M. F. 

Rupture of the Ions head of biceps tendon 

o jT. T mo. 

Improvement 

7 

w. s. 

Rupturo o! the loa? head o( the biceps teadon (repaired Mav ir^T) 

Poor 

3 

C. C. 

Adhesive bursitis 

Smo. 

Good 

f) 

H.L. 

Adhesive bursitis 

T mo. 

Good 

10 

•T. M. 

Adhesive bursitis 

2 mo. 

Improvement 

11 

H. M. 

Adhesive bursitis 

11 mo. 

Poor 

12 

J. S. 

Adhesive bursitis 

Smo. 

Poor 

13 

-VS. 


14 mo. 

Good 

14 

H. C. 

Adhesive bursitis 

IT mo. 

Poor 

13 

.\. A. 


2 yr. 4 mo. 

Poor 

IS 

K.G. 

Adhesive bursitis 

2 mo. 

Improvement 

IT 

W. H. 

Adhesive bursitis 

2 mo. 

Poor 

1$ 

n. H. 

Adhesive bursitis 

2 mo. 

Improvement 

19 

C. H. 

Calcifications 

1 yr. T mo. 

Good 

20 

J. H. 

Calcifications 

S mo. 

Good 

21 

F. J. 

Exostosis of the humerus 

. 1 yr. 5 mo. 

Good 


Examination of a speciiiien from the supraspinatus muscle in case 3 
showed t}-pical Trichina spiralis. The muscle appeared intact on gross 
examination at operation. 

Repair of the biceps tendon in case 6 was successful. However, at 
the time of writing there is still restriction of motion of tlie shoulder. 
The patient in case 7 underwent the third operation at the time this 
paper uns ■written. Fascial reenforcement uns employed in the last 
operation in an attempt to make the repair hold. 

The poor results in cases 12, 15 and 17 were due to osseous clianges 
found on operation and in subsequent follow-up roentgenograms. 

A second operation for reefing of the joint capsule \\-as necessary- 
in cases 10, 19 and 20. 

Tenotomy of tlie latissimus dorsi and pectoralis major muscles -vr-as 
performed for relief of contractures in case 4. The operation was 
tollowed by complete return of the function of the shoitider. 
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The patient in case 21 (fig. 4) was operated on for a possible tear 
of the supraspinatus tendon. An exostosis of the tuberosity was found 
which impinged against the acromion in abduction. Its removal was 
followed by complete return of function and disappearance of symp- 
toms. Preoperative roentgenograms had failed to show the exostosis. 

END RESULTS 

The incidence of results in all the cases in which treatment 
was given (168) is shown in table 4. The cases in which operation was 
performed include those in which the condition had failed to respond 
to conservative measures. 

CONCLUSIONS 

1. Subacromial bursitis may be due to a primary pathologic process 
in the bursa proper, or it may be secondary to a pathologic process in 

Table 4. — Treatment and Results in One Hundred and Sixty-Eight . Cases 


Nonoperative treatment 

Operative treatment 

Results with nonoperative treatment 

Cured 

Improvement 

No improvement 

Results with operative treatment 

Cured 

Improvement 

No improvement 


Number of Cases 

Percentage 

147 

87 

21 

13 

102 

69 

28 

19 

17 

12 

10 

48 

5 

24 

C 

28 


the musculotendinous cuff or in the bones of the shoulder joint. The 
changes may be of (1) traumatic, (2) arthritic or (3) infectious origin. 
Thus direct blows, overuse, strains, disuse, constitutional changes or 
irritation from arthritic bony overgrowths may be the causative factor. 
Arthritis was present in 16 per cent of the present series of 288 cases. 
As a rule patients with bursitis are past the age of 40. However, the 
condition may appear much earlier. In this series the youngest patient 
with bursitis due to trauma was 16, and the youngest patient witi 
nontraumatic bursitis was 17. 

2. The most common clinical findings in the 288 cases were. (1) 
pain in all, (2) restriction of motion in 95 per cent, (3) a pressur^ 
point over the greater tuberosity in 58 per cent and (4) muscular airap ) 
in 20 per cent. Roentgen examination in 154 cases showed atrop } 
the proximal end of the humerus in 22 per cent, calcification m 
region of the bursa in 18 per cent and local arthritic changes in 


ent. 


Radiation of the pain to the insertion of tht deltoid 
‘rvical region, and down the arm to the wrist and ran 
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in 15 per cent of cases. Of the 95 per cent of patients with restriction 
of motion, 35 per cent Iiad restriction of abduction alone, 28 per cent 
liad restriction of abduction plus restriction of external rotation, and 
26 ix;r cent had restriction of all motion. Rc.striction of the other 
motions accounted for the remaining 10 per cent. 

3. Conservative measures, including jihvsical therapy, the use of 
an abduction splint and manipulation, gave gootl results in 69 per cent 
of 168 cases, improvement in 19 per cent and poor results in 12 per 
cent. Operation in 21 cases re.sulted in cure in 10, or 48 ])er cent; 
imijrovement in 5. or 24 per cent, and no improvement in 6, or 28 
per cent. 

4. Operative intervention should be reserved for cases of bursitis 
due to complete tendon rui)turc and for cases in which the condition 
docs not respond to conservative measures. 

Complete tendon rupture can be recognized by its onset with sudden 
sharp pain, loss of power to induce abduction and the presence of a 
tender .spot at the tip and lateral a.six^ct of the acromion. 
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periods, will usually suggest cndoiuclriosis. Any or all of the following 
symptoms may be present : 

Secretion of blood-tinged fluid 

Pain around or in the umbilicus 

Tenderness 

Swelling 

Itching 

Bluish discoloration 

The tumors usually reach full size in from two to six months. Gen- 
erally, they range from 1 to 3 cm. in diameter, occasionally reaching a 
diameter of 5 cm. Keene and Kimbrough pointed out the necessity for 
accurate differentiation of such tumors from uterine fistulas, which 
also may produce menstruation. 

TREATMENT 

The treatment of election is wide excision, and the technic is that 
used for ventral hernia. In addition, some authors, notably Baltzer. 
have recommended exploration of the peritoneal cavity for further foci. 
Roentgen and radium irradiation may be used during the menopausal 
period to inactivate the ovarj'. This treatment is recommended by 
Strongin in select cases. However, during the active sexual life of 
the woman operation is recommended unless there be some contra- 
indication. 

CHRONOLOGIC REPORT 


Author Year 

1. Villar 1886 

2. Terrier 1887 

3. Tourneux 1889 

4. Wullstein 1893 

5. Mintz 1899 

6. Green 1899 

7. Giannettasio 1900 

8. Von Noorden 1901 

9. Ehrlich 1909 

10. Goddard 1909 

11. Goddard 1909 

12. Mintz 1909 

13. Mintz : 1909 

14. Herzenberg 1909 

15. Cullen • 1912 

16. Waegeler 1913 

17. Zitronblatt 1913 

18. Barker 1913 
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Author 

19. Jones jpjj 

20 . Lindau J 9 J 4 

21 . Lindau 

* 22 . Ribbert I 924 

23. Rohdenberg jpjp 

24. Mathias 1920 

25. Guthrie 1920 

26. Adams 1920 

27 . Mahle and MacCarty 1920 

28. Keitler ' 1923 

29. Lauche ; 1923 

30. Lauche 1923 

31. Lauche 1923 

32. Tobler 1923 

33. Tobler 1923 

34. Andrews 1925 

35. Schiffmann and Seyfer 1925 

36. Edwards and Spencer 1925 

37. Stacy and associates 1926 

38. Walz 1926 

39. Anglesio 1926 

40. Weller 1927 

41. Weller 1927 

42. Oberling and Hickel 1927 

43. Steiner 1927 

44. Palmen 1927 

45. Palmen 1927 

46. Palmen 1927 

*47. Jacobsen 1927 

48. Lelievre and Montpellier 1927 

49. Kohler 1927 ' 

50. Foderl ». 1927 

51. Baltzer 1927 

52. Busser and associates 1928 

53. Roques 1^^^ 

54. Baltzer 1^^^ 

55. Frero 1^^® 

56. Holm .' 1^20 

57. Holm ■ 1930 

58. Butoma and Schereschewsky 1920 

*59. Tonkes ' 

60. Enzer - 1930 
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Author Year 

61. Keene and Kimbrough 1930 

62. Keene and Kimbrough 1930 

63. Spitz 1931 

*64. Brown 1931 

65. Habbe 1931 

♦66. Hanke 1931 

67. Thompson 1931 

♦68. Adams-Ray 1932 

♦69. Adams-Ray 1932 

♦70. Adams-Ray 1932 

♦71. Adams-Ray 1932 

♦72. Adams-Ray 1932 

♦73. Adams-Ray 1932 

♦74. Adams-Ray 1932 

75. Stetson and Moran 1932 

76. Siedentopf 1932 

77. Longwood 1932 

78. Herberz 1933 

79. Herberz 1933 

80. Herberz 1933 

81. Lanos and Busser 1933 

♦82, Bingham and Templeton 1934 

♦83. Galasso and associates 1934 

*84. Schwarz 1934 

♦85. Harbitz 1934 

♦86. Harbitz 1934 

♦87. Harbitz 1934 

♦88. Harbitz 1934 

♦89. Planson 1934 

♦90. Knoflach 1935 

♦91. Marmol 1935 

♦92. Tjilbdll • 1935 

♦93. Strongin 1936 

*94. Strongin 1936 

♦95. Strongin 1936 

♦96. Vanderzypen and van Bogaert 1936 

*97'. Boggs 1937 

♦ Not listed by previous authors. 

SUMMARY 

1. Tissues which are morphologically indistinguishahle from the 
endometrium occur in the umhilicus. 
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2. The absence of the uterus is no bar to ovarian function. 

3. A vicarious form of menstruation may take place after the removal 
of the uterus. 

4. Endometriosis of the umbilicus is amenable to surgical treatment. 

5. Ninety-seven cases of endometriosis of the umbilicus have been 
reported between 1886 and 1937. 


620 Park Avenue. 
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VAGINAL HERNIA 

WITH A REVIEW OF THE LITERATURE 
W. E. B. HALL, ALD. 

ST. JOSEPH, MO. 

\’aginal hernia is a herniation of the peritoneum pushing downward 
through the pelvic floor into the vaginal vault or along the wall between 
the vagina and the rectum or bladder, sometimes extending between 
them all the way to the perineum. With prolapsus uteri, it is not 
uncommon; but uncomplicated vaginal hernia is considered rare. The 
condition is interesting to obstetricians, as it appears to occur most fre- 
quently during or following labor ; it is of interest also to gynecologists, 
in the differential diagnosis of cystoccle and rectocelc and as a com- 
plication of prolapsus uteri. 

Vaginal hernia is a term used to designate a subvariety of pelvic 
hernia, the latter term including all hernias through the pelvic floor. 
This subvariety of hernia is named from the point of egress, the practice 
used in the nomenclature of the inguinal hernias. The recognition and use 
of this term would group instances of this rare type of hernia together 
under one main heading for the purpose of indexing histories and medi- 
cal literature. It would also be consistent with the best usage in nomen- 
clature of hernia, bringing the designation of these cases into harmony 
with the terminology of hernias in general, which is according to the 
point of origin and not of termination. The Quarterly Cumulative Index 
Medicus lists instances of this type of hernia separately, using the term 
vaginal instead of cul-de-sac, with a separate listing for perineal, etc. 
Few textbooks adequately describe this condition, but the article by 
D. G. Ward in Kelly’s “Gynecology” is complete and well illustrated. 

The first case of vaginal hernia was reported by Garengeot in “The 
Memoirs of the Royal Academy of Surgery,” early in the sixteenth 
century. The condition occurred in a woman one month after a fifth 
confinement, when she attempted to lift a heavy weight. In 1804, Sir 
Astley Cooper, under the title “Abdominal Hernia,” reported 3 cases of 
pelvic hernia without complications. He expressed surprise that more 
cases were not encountered in history and stated that the oblique direc- 
tion of the pelvis is a factor in the prevention of this type of hernia. 
Barker in 1876 found enough cases to allow a satisfactory anatomic 


From the Department of Pathology, Missouri Methodist Hospital. 
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classification and listed the causes of the condition as (1) violent shock 
from falls, (2) strong physical efforts and (3) difficult parturition. The 
first operation for vaginal hernia, apparently caused by large fibroids, 
was performed in 1885. 

CLASSIFICATION 

This classification of pelvic hernias follows that of Barker: 

1. Vaginal — (a) Anterior — passing between the bladder and the 
cervix. 

(&) Posterior — ^passing posterior to the uterus and 
involving the bulk of the vaginal and the recto- 
vaginal pouch. 

(c) Postoperative (Postoperative vaginal hernia is 
actually in a third subdivision by itself, a classifica- 
tion used by Masson). 

2. Perineal — passing through the rectal vaginal pouch, leaving the 
A'ault of the vagina normal. 

3. Pudendal — dissecting the side of the pelvis and appearing in the 
labia majora. 

4. Complete pelvic ( Complete pelvic hernia consists of the extrusion 
of all the pehdc contents and is not a true vaginal hernia). 

5. An additional type added by Zuckerkandel, namely, a protrusion 
of the cul-de-sac into the anterior wall and lumen of the rectum. 

These hernias all have a separate peritoneal sac, which cystocele and 
rectocele do not have, and a definite ring, which is absent in prolapsus 
uteri. As such, c)fstocele and rectocele and prolapsus uteri with pelvic 
floor are to be classed as false vaginal hernias. 

REVIEW OF THE LITERATURE 

A marked confusion of terms and an inadequacy of description make 
it almost impossible to review the literature accurately, particularly from 
the standpoint of identification of a true vaginal hernia from the descrip- 
tions of many authors. Analysis frequently proves that the vagina 
bulging or mass is the result of a prolapsus or descensus of the uterus 
accompanied by bulging of abdominal contents. 

The first reported case was that of Garengeot, in the si.xteent i 
centui^q followed bj' 3 of Cooper. Smellie later reported 3 cases, o 
lowed by Sweepster in 1919. Moschcowitz in 1912 reported 25 
the literature ivith 1 of his own of the perineal v^ariet}'. Chase in ^ 
was able to identify only 13 cases, including 1 of his own. IV' i ^s m ^ 
careful summary^ of the literature in 1926 was able to find on> 
of definite v-aginal hernia, of which 3 were observed without opera loii 
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autopsy. To these he added 2 of his own. Three of Barker’s cases 
reported in 1876 were studied by Miles, and only 1 was accepted as 
an instance of true vaginal hernia. Miles’ 1 1 cases are as follows : 

Case 1 : Taylor in 1831 reported the case of a 22 year old woman in her second 
pregnancy. Three days post partuin a vaginal mass was noted ; it was large at the 
end of thirteen months, occupying a posterior commissure of the labia below the 
external surfaces. The diagnosis was postvagiiial midline vaginal hernia. 

Case 2 ; Etheridge in 1887 reported the case of a woman aged 19 or 20. During 
her sixth month of pregnancy, the patient was jumping a rope and felt something 
come down through the vagina. Delivery was normal. After delivery, a mass 
was noted, appearing with lifting and straining, coming out between the thighs. 
Examination showed a large opening in the roof of the vagina with edges form- 
ing a definite ring. This opening was to the left of the uterus, anterior to the 
broad ligament and posterior to the bladder. The hernia extended into the vagina 
and was not lateral to the vaginal canal, a feature which differentiated it from 
a pudendal hernia. This was of anterior vaginal type. 

Case 3 ; Barker in 1876 reported the case of a 32 year old woman who fell 
during her first pregnane}’. She soon felt a mass protruding in the vagina. The 
symptoms were those of strangulation of a loop of intestine. A definite ring 
was felt in the vaginal vault, posterior to the cervix and just to the right of the 
midline, 1J4 inches (4 cm.) in diameter. The hernia was easily reduced. It was 
followed by eight successive attacks. 

Case 4; Birchenall in 1869 reported the case of a 53 year old woman who 
died eighteen hours after an intra-abdominal injury. The only autopsy performed 
in a case of vaginal hernia was made in this case. The patient had long suffered 
from a vaginal hernia. The autopsy showed a small point of perforation of the 
intestine. 

Case 5; Thomas in 1885 performed the first operation for vaginal hernia, 
on a multipara aged 39. The vaginal mass had been present for si.x years, extend- 
ing to the middle of the thigh. Pain appeared in the bladder and rectum with 
reduction. The pelvic organs were in normal positions. The hernial orifice 
was in the vaginal fornix, through an opening in the broad ligament. At 
operation the sac was reduced by the insertion of an assistant’s hand in the vagina 
and sewed to the anterior abdominal incision. Excellent results followed. Thomas 
reported 4 cases also of posterior midline vaginal hernia, in which operation 
produced cures. 

Case 6: Huginer in 1912 reported an operation, performed in 1911, for 
prolapse of the uterus with vaginal prolapse and attendant disorders. The opera- 
tion consisted of amputation of the cervix, anterior colporrhaphy, perineorrhaphy, 
and abdominal hysteropexy. In six months the mass recurred, diagnosed as 
rectocele. At operation, the sac of a definite vaginal hernia of the cul-de-sac was 
encountered. 

Case 7 : Lathrop in 1913 reported the case of a multipara aged 41. In July 1908, 
an operation was performed for cystocele, rectocele and prolapsus uteri, with 
abdominal fixations. In December 1908, the rectocele recurred and operation was 
done, followed by a second protrusion. In 1909, the patient had a delivery, fol- 
lowed by an increase in the size of the mass. In 1912, an operation showed this 
to be a vaginal hernia. Broad ligament and uterus were used to elose the defect. 

Case 8: Hartmann in 1916-1917 reported the case of a 30 year old woman 
who had had her first child at the age of 22 and her second at the age of 24. 
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After the second birth she experienced prolapse of the uterus, which was treated 
by abdominal fixation. The birth of a third child, when she was 29, was fol- 
lowed by a prolapsing vaginal mass. No rectocele or prolapsing uterus was 
encountered in this mass. A subsequent pregnancy was followed by an operation 
and permanent cure of the vaginal hernia. 

Case 9 : Sweetser in 1919 reported the case of a single woman aged 21, who 
had experienced no pregnancy. She had had a pyosalpinx with fever for five years 
followed by a swelling in the vagina. A definite vaginal hernial ring was encoun- 
tered, while the perineum and the uterus were intact. At operation, the levators 
were sutured. 

Case 10 : Miles in 1926 reported the case of a 46 year old woman, with three 
children. Seventeen years after the birth of the last child, an abdominal swelling 
was encountered. Examination showed a bulging of the rectum in the vagina, 
thought to be a rectocele. At operation, much fluid and a multilocular cystadenonia 
of the Ovary were encountered. The uterus was high. The pelvis was not explored. 
A second operation, twenty-six days later, disclosed a water-filled cyst con- 
necting with the abdomen through a small opening at the level of the posterior 
cervix and between the vagina and the rectum. 

Case 11 ; Miles in 1920 reported the case of a 35 year old woman with five 
children. Abdominal distention of two years’ duration was found to be due to 
an excess of fluid and a multilocular cystadenoma of the ovary. The uterus was 
high. A mass was found in the posterior vagina. No rectocele was present. The 
cul-de-sac was large, with the opening extending down between the rectum and 
the vagina. 


Hundley, in 1927, outlined a variation of surgical repair based on 
experience in 4 cases. His procedure, which he recommended for use 
only for patients who have passed the menopause, consists of exposing 
the uterovesical peritoneum and drawing the fundus sharply forward 
into the opening. The apex of the invaginated vaginal hernial pouch is 
then pushed by the index finger along the posterior surface of the uterus 
into the opening above and firmly anchored by two linen sutures which 
pass through the entire cul-de-sac, peritoneum, pelvic fascia ^ and 
vaginal mucous membrane. Thus a vagina of normal length is retained. 
The cervix is subsequently amputated. 

Crossen in 1930 reported 2 cases: 


Case 1 ; An operation for uterine prolapse on a patient 66 years of age 
followed within four years by a characteristic hernia of the cul-de-sac. Because 
of a bad heart and adiposity the hernial repair was performed under local anest le )c. 

Case 2: The patient was 69 years of age, a poor operative risk.^ a 

similar appliances never failed to maintain the bladder and uterus^ in 
posterior vaginal mass slipped out past the pessary. At operation, e 

prolapse was treated by vaginal shortening of the broad ligament, win e 
of the cul-de-sac was treated by repair of the pelvic floor. 


Green in 1931, reviewing the literature, stated that of oO or 60 ca 
reported, between 10 and 12 were of the true vaginal type, with an q 
number of the perineal type. He reported 2 cases : 


Case 1 : 
At the age 


The patient was 62 years of age and had . %^ed tiSl 

she had bad her first labor, which had been pr 


of 32 
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deliver}- by means of forceps became necessary. It was followed by a vaginal 
bulging. After the patient bad at first refused an operation, one was performed 
in 1929. At this time, a large posterior vaginal hernia was eneountered, filled 
with intestines. It was repaired by suture of the levator muscles. 

Case 2; The patient was a 62 year old woman, with five children. At 22 
years of age she had been delivered by a midwife, with forceps. At 29 she had 
had a large hernia, occupying the entire vagina, easily reduced; it was found to 
contain intestines. No cystocelc or rcclocelc was present, and the pelvic organs 
were in normal positions, 

Williamson in 1932 reported 2 cases : 

Case 1: A negress, age 46, a unipara, was operated on in 1926 for complete 
uterine prolase, with lacerations of the pelvic floor. The hysterectomy was followed 
by perineal breakdown and complete prolapse of the vagina. This was treated 
by sewing the vaginal vault to the fascia of the lower anterior abdominal wall. The 
results were good. This case hardly warrants the diagnosis of true vaginal hernia. 

Case 2; A white woman, age 48, suffered from an abdominal mass for five 
years. There was a protrusion of the posterior vaginal vault through the vaginal 
orifice. At operation, no serosa of the cul-de-sac was encountered, but the mass 
was found to be inflammatory in consistency, constituting a huge hydrosalpinx and 
cystic ovarj'. A subtotal hysterectomy and bilateral salpingo-oophorectomy were 
performed and the cul-de-sac closed by appro.ximating the uterosacral ligament. 
The cervical stump was supported by the round ligaments and the denuded areas of 
the pelvic floor covered by peritoneal flaps. Results were satisfactory. 

Masson encountered bis first case in 1926, at an operation supposedly 
for rectocele. Since then, there have been 11 cases at the Mayo clinic 
according to his last report in 1932. His first 5 cases, reported in 1928, 
are as follows: 

Case 1 : Multiple fibromyomas of the uterus associated with hernia of the 
cul-de-sac occurred in a 44 year old woman who had experienced four pregnancies. 
There was no postoperative recurrence of hernia. 

Case 2: A woman 42 years old who had been pregnant five times, was examined 
in 1919. In 1917, a perineorrhaphy for a supposed rectocele was performed fol- 
lowed by a prompt recurrence of symptoms. In six months uterine suspension 
and a second perineorrhaphy were performed, and again the symptoms promptly 
recurred. Since then, attacks of abdominal pain and distention had become more 
severe and were associated with vomiting. The hernia was of posterior vaginal 
type. 

Case 3 : A woman 65 years old, who had been pregnant ten times, had suf- 
fered from a vaginal mass for five years. Supports were useless and irritating. 
The vaginal mass consisted of the uterus in addition to a hernial sac. Hernior- 
rhaphy was performed three weeks after uterine suspension. 

Case 4 : A woman, 39, with two children, aged 8 and 10 years, was sub- 
mitted to uterine anterior fixation for supposed prolapse, after her last pregnancy. 
The condition promptly recurred when she stood up, A protruding vaginal mass 
was present at examination, which showed complete uterine prolapse, as well as 
cystocele. At operation, the rectum was isolated from the mass, and a vaginal 
hernia separate from the prolapse was encountered. 
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Case 5 . The patient, a 57 year old woman, had three children. After the 
birth of the last, in 1904, she was troubled by a vaginal mass on standing or 
straining. In 1906 a perineorrhaphy and uterine suspension were performed, 
followed by prompt recurrence. In 1913 a Kocher operation for prolapse was 
performed and was followed suddenly in three months by a recurrence. At opera- 
tion, no cystocele, but a large posterior vaginal hernia, was encountered. 

Erdman in 1932 cited a case reported by Michelson and Lukin in 
which a vaginal hernia was mistaken for a vaginal polyp and excised 
with fatal results. 

Bueermann in 1932 reported 3 cases: 

Case 1 : A 61 year old woman, who had been pregnant three times suffered 
from a posterior vaginal mass of fifteen years’ duration. Gurgling sounds were 
noted when the patient walked. A subtotal hysterectomy had been performed in 
1912, five years before the mass was noted. In 1913, a rectocele was repaired, and 
the condition immediately recurred. In 1914, an unsuccessful attempt at repair 
was made. The patient was told her tissues were too weak for further repair. 
The mass was easily reduced and recurred with coughing or strain. Gurgling 
and peristalsis were noted. No cystocele or rectocele was found on examination. 
The mass was a large vaginal hernia. 

Case 2: A 67 year old nullipara complained of rectal and vaginal pressure. 
In 1928 a posterior vaginal mass was found. A perineorrhaphy and colporrhaphy 
gave relief of short duration. No uterine prolapse V'as present. The posterior 
vaginal wall was redundant. A diagnosis of vaginal hernia was made at opera- 
tion. In 1931 a rectal hernia was discovered. 

Case 3: A 66 year old woman, with six children, complained of a vaginal 
mass of six months’ duration, which appeared with cough or strain and disappeared 
when she lay down. She had no backaches. A bearing-down sensation was noted 
with micturition. The frequency of occurrence was greater in the daytime. The 
mass was in the anterior part of the vagina. There was no cystocele, according 
to the sound in the bladder. 


Dew in 1934 reported 2 cases : 

Case 1 : A woman 56 years of age suffered from cirrhosis of the liver, associated 
with ascites. In 1925 a vaginal hernia was encountered. Her five pregnancies 
had all been easy. At operation, a large rectocele was encountered below t e 
posterior hernia. Operation was followed by death. 

Case 2 : A 38 year old woman had had four pregnancies, of which the first 
had terminated in a face presentation with five days’ labor.. Three years previous }, 
some heavy lifting had been followed by severe pains in the lower part 
black. A pessary did not give satisfaction. A vaginal mass appeared,^ associa e 
with constipation and difficulty in defecation. At operation, a posterior vagina 
hernia was encountered measuring 6 by 8 cm., lined with peritoneum, associa 
with diastasis of the levators. 


Black in 1934 reported the following- case ; 

A 65 year old septipara, with children between the ages of 37 
fallen seven -weeks before examination. After the fall, a large mass la ’ 

with a second degree laceration of the perineum. No uterine prolapse vas 
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encountered. After a diagnosis of vaginal hernia, a high perineorrhaphy was 
performed. The sac was filled with small intestines and located in the midline. 
The neck of the sac admitted an index finger. 

Caillot and his associates in 1935 reported a case of perforation of 
the cul-de-sac by curet and escape of the sigmoid colon through the 
orifice thus produced. Total abdominal hysterectomy was performed. 
The presence of a true vaginal hernia is to be doubted. Cervenansky 
reported a case of pelvic hernia of perineal type in February 1936, but 
the last ease, one of a lateral hernia of the cul-de-sac, was reported by 
de ]\Iodena in December 1936. 

Stearns, in January 1936, reported the last true cases of vaginal 
hernia : 

Case 1: The patient was a tripara, aged 53, who had had normal labors. 
Fibrillating heart and mitral stenosis were complications, associated with marked 
ascites, which served as a contributing factor in tbc production of a ^’aginal 
mass of eighteen months’ duration. The diagnosis on examination was rectocele 
and prolapse of the uterus. This mass was extruded only on straining and was 
preceded by a large cervix. The operation showed the condition to be a combined 
prolapse and vaginal hernia. The hernial sac was empty. The condition was fol- 
lowed in three months by embolism. The pelvis and adjacent organs were not 
examined at autopsy. 

Case 2: A quintipara, 56 years old, whose first pregnancy had been sixteen 
years previously, had suffered from a dragging-down sensation in the pelvis 
for three years. A S foot fall seven years ago was followed by a vaginal bulging. 
This disappeared when she lay down. Retention of urine was difficult. The diagno- 
sis on three previous incomplete examinations had been cystocele and rectocele, 
and in one case prolapse of the uterus. A thorough examination showed no 
cystocele, rectocele or prolapse. The report is indefinite as to whether the vaginal 
hernia was of the anterior or the posterior type. 

REPORT OF A CASE 

The present case is interesting because for tbe first time microscopic 
examination was made of tissues of the pelvic structure and pathologic 
changes were observed which are important particularly in the develop- 
ment of hernia in older patients. 

A white woman, age 72, who had had three children with normal deliveries, 
entered the hospital because of a bulging mass in the vagina and disease of the 
bladder. Nine years previously the patient was operated on for cystocele, and 
the cervix was amputated. At that time, the perineum was slightly lacerated 
but was not repaired. About a year later, the patient noticed a bulging mass 
coming , from the vagina, which gradually increased in size, and caused con- 
siderable trouble, creating distress when her bowels moved. It was as if everything 
were dropping out. When she was on her feet, the mass protruded from the 
vagina, appeared filled with fluid and “crunched” when she walked about. 
She never wore a support or pessary. At times she was troubled with frequency 
of urination and noticed a burning sensation. Her appetite was good, and she was 
not constipated as a rule. Physical examination showed her to be in fairly excellent 
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condition. The pulse rate was slow, with a dropped beat of one in three. The 
blood pressure was 190 systolic and 100 diastolic. There was no tenderness or 
mass in the abdomen. A bulging mass was pouching out the posterior vagina 
and coming out the vulva. When pushed inward, this seemed to come from 
immediately behind the cervix. Prior to operation, her blood pressure dropped 
to 140 systolic and 60 diastolic. 

With the patient under ether anesthesia, the posterior vaginal mucosa was 
divided in the midline from the perineum up to the cervix. The hernial sac, 
which had pushed out of the vagina, was dissected free and ligated high at the 
neck above the hernial ring, which was found to be in the posterior fornix 
immediately posterior to the cervix. The neck was then sutured to the posterior 
side of the cervix, the elevators of the rectum brought over the rectum, the vaginal 
mucous membrane closed and a perineorrhaphy performed. This shortened the 
vagina considerably, but there was some posterior floor to the vagina. The 
bladder was in the normal position. Examination one year later showed no 
recurrence. 

Histologic Examination . — Redundant tissue encountered at the time of the 
vaginal repair, together with specimens of the hernial sac and some tissue from 
the floor about the neck of the hernial sac, was removed for microscopic examina- 
tion. Sections taken near the surface revealed stratified squamous epithelium, 
apparently in a healthy condition, with some areas showing increased thickness 
and a tendency toward a layer of keratin on the surface such as is noted in vaginal 
prolapse. Invading the basal layer from the lamina propria were a few wandering 
cells of the lymphocytic type, among which plasma cells could be identified. 
Swelling, edema and vacuolation occurred in the non-keratin-forming parts of 
the epithelium. Smooth muscle fibers below the lamina propria came in small 
bundles or even isolated as single atrophic fibers, usually buried in an over- 
whelming proliferation of fibrocoHagenous tissue, which in areas exhibited highly 
cellular inflammatory scar reaction. Over considerable areas the muscle and 
the elastic tissue were completely lost and overwhelmed by scarring, which ulti- 
mately exhibited diffuse hyalinization and a definite degeneration, which actually 
became granular in character. The same change was encountered in the fibro- 
tendinous tissue of the pelvic floor about the hernial neck. 

Blood vessels appear as finely compressed channels and were uncommon except 
in the areas of better preserved smooth muscle in which arterioles exhibited 
marked hyalocollagenous thickening of the intima, resembling senile obliterative 
endarteritis and commonly involving occlusion of the lumen. Near this region 
were elements of cervical tissue, including cervical glands, several of them cystic. 
This vascular change associated with alteration in the character of the 
vaginopelvic tissue had resulted in definite scarring and degeneration. e 
mechanism and change were identical with those in aneurysm of a vessel. 

The pathologic diagnosis were senile arteriosclerosis of the vagina and t e 
pelvis, endarteritis obliterans of the vagina and the pelvis and degenerative ee 
lulitis of the vagina and the pelvis of vascular origin. 


ANATOMY OF VAGINAL HERNIA 

Vaginal hernia originates most frequently in the bottom of the 
the internal ring formed by the uterosacral ligaments an c 
tenor rectal wall, or by separated fibers of the pelvic fascia an 
i muscle and the cervix. It appears in the 
ides through at the posterior commissure. This hern p 
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occurs through a defect in the pelvic floor, which consists of a peritoneal 
surface, the levator ani muscles, a median anococcygeal raphe and the 
pelvic fascia. These are interrupted in their perfect closure of the pelvic 
outlet by the rectum, the vagina and the urethra. Posterior to the 
cervix their fusion along the line of the raphe is usually dense. Syming- 
ton found the floor of the pelvis in the median plane to be about 2.5 cm. 
in thickness, composed of muscle and fascia. Derby, however, found 
the levator ani muscle to be the most variable muscle in the body, com- 
monly affected by congenital weakness or absence of its intercommuni- 
cating fibers, and as such a prominent predisposing factor in formation 
of a hernia. The pelvic fascia which overlies the levator ani muscle 
passes from the brim of the true pelvis downward and inward to the 
bladder, with which it is intimately connected, and to the vagina, which 
it splits to enclose, united with the fascia of the opposite side, and is 
attached to the cervix uteri, where it helps to form the vaginal vault. 
This forms a fibrous sling which is the main support of the bladder and 
the strongest of the uterine supports. The posterior part of the fascia 
is deeper than the anterior and passes downward and inward to the 
rectal wall, to which it is intimately attached as part of the floor of 
the cul-de-sac. Posterior to the rectum it covers the piriformis muscle 
and is continuous above with the lamella of the lumbar fascia. The 
tendency toward a weakness of the midline structures posterior to the 
cervix is more easily understood on consideration of the embryologic 
formation of the pelvis and fascia as first described by Zuckerkandel 
in 1891. Breisky found the cul-de-sac in a 3 month female fetus to 
extend to a point where the uterovaginal canal still empties into the 
urethra. Ziegenspeck found the cul-de-sac to extend to the levator am 
muscle in 2 of 56 specimens examined. 


CAUSATION 

Etiologically, vaginal hernia is based on anatomic, or most essen- 
tially traumatic, embryologic and pathologic change in the tissue. It 
is evident that in the absence of direct traumatic violence, such as maj 
occur in labor, or of true pathologic changes in the tissue of the peh ic 
floor of inflammatory or degenerative type, the underlying source o 
herniation is a congenital defect or weakness in that floor. The utero 
sacral ligaments are totally incapable of preventing a tendency tovar 
true vaginal hernia, and their weakening only induces prolapse, 
has been found that Douglas’ pouch extends down to the levator a^ 
muscle in the fetus and at birth is already retracting 
so that by puberty it has reached the level of the second an ^ ^ 

sacral vertebra. Failure of this change to take place ^ 

space in the pelvic fascia just in front of the rectum, w lere 
passes through the pelvic floor, and accounts for the occ 
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enterocele in young nulliparas. Another cause is the failure of the 
muscles of the pelvic floor, particularly the levator ani, which is a 
highly variable muscle in thickness and position, to give proper support 
to the pelvic fascia. 

Trauma is a major contributing factor in the production of vaginal 
hernia. Labor itself could not cause this defect, but a large head with 
impaction and tearing of a firm vaginal wall or of the supporting pelvic 
floor with abrupt labor or instrumentation may produce it. The relaxa- 
tion of muscles, tendons and fascia concomitant to pregnancy may 
easily lead to rupture. In 59.9 per cent of the reported cases the 
.condition was noted in women who had experienced multiple preg- 
nancies, which also serve to loosen the connective tissue attaching the 
uterus, the vagina and the pelvic floor. Greatly increased intra- 
abdominal pressure, such as occurs with obesity, ascites, intra-abdominal 
tumors and the like, or a sudden fall also leads to the formation of 
hernia. 

Age, to a degree, is important. Bueermann’s statistics on 76 cases, 
in 48 of which age was mentioned, indicate the close connection between 
the period of productivity, particularly of multiparous pregnancies, 
and vaginal hernia. To this is added the recognized laxity and weakness 
of supportive structures in old age, the major source of which must 
be the vascular changes and alterations in the tissue described in the 
case here reported and noted below. Bueermann’s list showed: 


Years 

No. of Cases 

10-19 

■ 1 

20-29 

8 

30-39 

13 

40-49 

12 

50-59 

6 

60-69 

8 


There has been little study of the pathologic changes in the pelvic 
floor. In 2 reported cases inflammatory changes, originating in pelvic 
inflammatory disease, were apparent causes of hernia. One factor 
which has not been studied is presented in my case report and indicates 
the importance of vascular changes in production of degenerative 
defects of the tissue. The resultant alteration resembles aneurysm and 
leads to an aneurysmal defect and breaking down of the supporting 
structure. This evidently must play a prominent part in cases of 
senile or arteriosclerotic conditions and in those in which the patient 
is nulliparous when trauma and congenital defects do not immediately 
explain the herniation. 

In the normal or obliterated cul-de-sac, intestinal and intra-abdom- 
inal pressure is applied to the symphysis pubis and the bladder. But with 
the deepening of the cul-de-sac by whatever cause, this pressure falls 
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on the anterior and posterior vaginal wall and is deflected from the 
pelvic fascia, gradually causing a deepening and elongation of the pouch, 
which then extends down along the vaginal wall or protrudes into the 
vagina itself. 

DIAGNOSIS 

The failure to recognize this condition when it is a complicating 
factor in uterine prolapse may result in great disappointment from the 
operation for prolapse. The patient returns after a time, complaining 
of return of the prolapse, and examination shows a projecting mass. 
Bueermann showed that in 40.6 per cent of cases diagnosis was not made 
at first examination or at operation and the uterus had been removed 
prior to the onset of symptoms in 4 of 59 cases. Vaginal hernia must 
be differentiated from abscess, cyst, hematoma, lipoma, polyp, fibroma, 
prolapse of the uterus, vagina or rectum and cysts of Gartner’s duct 
in the upper vagina, especially if connected with cysts of the paro- 
varium. One should note carefully if the masses are reducible and have 
a hernial ring at the base. 

In operation, greatest care should be exercised in upper vaginal 
swellings. With careful mucosal dissection, the hernial sac becomes 
exposed on elevation of the flaps. Caillot and his associates reported 
a case in which one such mass was mistaken for a uterus and perforated 
with a curet. Michelson and Lukin cited a case in which the amputation 
of a hernial mass which was interpreted as a polyp resulted in death. 

Most masses in the upper part of the vagina are first considered 
rectoceles. However, one should note that the hernia appears when 
the patient stands, coughs or strains, disappears when she is in a 
recumbent position, has a definite hernial ring, gurgles on manual 
replacement of the bowel and has no connection with the rectum, as 
indicated by digital examination of the lumen and wall of the latter, 
although it may be simultaneously accompanied by rectocele, cystocele, 
prolapsing uterus or all of these conditions. Cystoscopic examination 
and discernment of sounds differentiate anterior vaginal swellings. 
As a rule, it is gradual in development ; it is occasionally associated with 
strangulation. It is not painful, and incapacitation for work conies 
from the inconvenience of the mass. Disturbances of the bladder an 
bowels occur occasionally, more frequently with the anterior type. 

During labor vaginal hernia may appear suddenly, with alarming 
symptoms of shock and evidence of intestinal obstruction due to incar 
ceration from impingement and dragging of the hernial pouch between 
the fetal head and the pelvic outlet. In such cases, how'ever, an a^mp 
tomatic outpouching prior to labor may be presumed. This con ition 
is treated by pushing the head above the pelvis and reducing t le 
In Hundley’s third case a hernia which appeared in the seyent ^ mon 
w^as maintained in reduction by tampon until full term deliver) . 
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COMPLICATIONS 

In addition to errors arising from mistaken or incomplete diagnosis, 
various complications, with varying import, may occur in cases of 
vaginal hernia. The most common is the combination of vaginal hernia 
with cystocele, rectocele or uterine prolapse, at times resulting in neg- 
lect of one or the other condition. Buecrmann, in his series of 76 
cases, noted complications in 20, as follows : 

No. of Cases 


(a) Interference with normal delivery 10 

(b) Hernia incised or excised because of error in 

diagnosis with death 3 

(c) Pelvic abscess following delivery with spontaneous 

recovery 2 

(d) Rupture of hernia with evisceration and death 2 

(c) Rupture of hernia with recovery 1 

(/) Rupture of hernia during delivery with recovery 1 

ig) Death from incarceration of vaginal hernia 1 


Tumors, conditions of the heart and kidney which produce ascites, 
obesity and other abnormalities should be considered in terms of com- 
plications, not only as factors creating increased intra-abdominal pres- 
sure and thus causing enterocele, but also as conditions endangering 
the efficacy and pennanency of operative procedures. 

PROGNOSIS 

Vaginal hernia may cause considerable discomfort, often preventing 
work, but does not endanger life unless strangulation occurs, when 
immediate surgical intervention becomes imperative. Reduction is 
usually possible, while surgical repair offers excellent promise of per- 
manent cure. 

TREATMENT 

Treatment is preeminently surgical. Operation is performed by 
either an abdominal or a perineal approach. The latter, usually fol- 
lowing the procedure of Kelly, is particularly useful in cases of old or 
debilitated patients or those in which vaginal hernia is accompanied by 
rectocele or cystocele, and gives an excellent view of the hernia and 
its ring. The vaginal mucosa is longitudinally incised over the mass 
and the sac carefully exposed by blunt dissection. If any intestinal loop 
is in the sac, the patient’s hips are elevated to effect reduction. The 
sac should then be opened with the greatest of care and cut short and 
the stump sutured behind the cervix, or the sac may be sutured whole 
to the uterine surface as additional support to the pelvic floor. The 
pelvic floor is then closed by cross or purse string sutures, a process 
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in which living sutures may occasionally be required, after which peri- 
neovaginal defects are corrected, excess vaginal tissue trimmed off and 
the operative wound routinely closed. When the sac is too adherent to 
be dissected free, the cavity should be obliterated by scarification, the 
peritoneal surface sutured as high as possible and the pelvic floor then 
firmly closed over the opening. 

In the presence of a good perineum, when the patient is otherwise 
healthy, the abdominal route as used by Moschowitz is more usually 
chosen, as it permits easier reduction of the hernia with resection of the 
intestine if indicated and the sac can more easily be identified and the 
hernial opening more firmly closed. In this the hernia is reduced and 
the sac then invaginated, folded on itself and sutured to the pelvic floor 
as reenforcement, or the sac may be closed by a series of superimposed 
purse string sutures starting at its base and finally ending with suture 
of the pelvic floor and the uterosacral ligaments but without inclusion 
of the uterus. At times it may be necessary to use a combined abdom- 
inoperineal approach to deal with the vaginal hernia and its complica- 
tions. In any case, it is advisable to implant ureteral catheters before 
operation. The danger of inclusion of the ureters in repair of the 
pelvic floor is considerable. 

Reduction of weight is important, preoperatively and postoperatively, 
in lessening the operative mortality, but particularly in removing the 
concomitant intra-abdominal pressure, which tends to break down the 
repaired pelvic floor and cause recurrence of the hernia. Likewise other 
factors causing increased intra-abdominal pressure should be removed 
by appropriate medical and surgical procedures. 


SUMMARY 

Today there are complete disorganization in the literature and a 
lack of reliable satistical data on vaginal and pelvic hernias because of 
multiplicity and uncertainty in terminology and diagnostic requirements 
and because of inadequate examinations and reports and mistaken inter 

pretations to be noted in many writings. 

As interpreted by certain writers, vaginal hernia is a rare con ition, 
a subvariety of pelvic hernia, appearing in the anterior or posterior 

fornix. . i t hv 

There have been 26 reported cases of vaginal hernia to a e 

the strict analyses of Miles or S3 by the broader interpretation^ o 
Bueermann, who accepted the diagnosis of the examining 

A case report of vaginal hernia is presented, with the first repo 
microscopic pathologic examination of involved tissues, 
pathologic basis for the formation of hernia. This is an anei ) 
taxation of degenerative scar tissue resulting from obl,t=rat.ve endar 
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teritis and may be expected in senile and arteriosclerotic patients, in 
the absence of traumatic and congenital changes and as contributing 
factors with them. 

Congenital maldevelopment, defects and variations in the pelvic 
floor are main predisposing factors to vaginal hernia, and trauma at 
birth, a chief contributing factor. 

Vaginal hernia frequently is not diagnosed on the first examination 
or operation and must be differentiated from various pelvic and vaginal 
conditions, particularly rectocele, cystocele and prolapsus uteri. 

Vaginal hernia as a rule causes only discomfort. In about 1 out 
of 4 cases the condition is complicated, and in 30 per cent of these it 
terminates fatally. If the condition develops during labor, the signs 
may be those of shock and intestinal obstruction ; the treatment in this 
case is immediate return of the head and reduction of the hernia. 
Obstruction and strangulation from other causes demand immediate 
surgical intervention. 

The treatment is surgical, by an abdominal, a perineal or a combined 
approach, following an appropriate recognized technic. The insertion 
of ureteral catheters prior to operation is advised. 

All factors, including obesity and tumors, which cause increased 
intra-abdominal pressure should be corrected by appropriate surgical 
and medical procedures, as important preoperative, operative and post- 
operative prophylactic measures. 
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Tumor . — Smith ^ stated that either the lumbar or the transperitoneal 
approach may be used for removal of a tumor of the kidney. In a series 
of 50 cases of renal and ureteral neoplasms, the kidney was removed 
transperitoneally in 22 and by the lumbar route in 22. Indications for 
the selection of the lumbar route are: (1) uncertain diagnosis; (2) 
small size of the mass; and (3) probability that the growth is pelvic 
rather than cortical. The transperitoneal route is chosen for removal 
of large cortical tumors. It allows examination of the abdomen for 
metastatic growths before the tumor is disturbed. 

When the intestines are walled off from the upper part of the 
abdomen on the affected side, the tumor will be seen beneath the 
posterior portion of the peritoneum. It may be exposed through an 
incision made in the overlying peritoneum or in the parietal peritoneum 
1 inch (2.5 cm.) outside the ascending or descending portion of the 

1. Smith, G. G. : Surgery of Renal Tumors, J. Urol. 39:308-313 (March) 
1938. 
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colon. The colon, with the posterior peritoneum, is then rolled inward, 
the entire renal fossa being exposed. 

A tumor of the renal pelvis rarely reaches a size which requires the 
use of the transperitoneal approach. For a tumor in this location 
removal of the entire ureter together with that portion of the vesical 
wall through which the ureter passes is an essential part of the operation. 
In 6 of Smith’s 7 cases of ureteral tumor, there was a growth either in 
the intramural portion of the ureter or arising from the ureteral meatus. 

Accidental tear of the vena cava is encountered usually in an opera- 
tion on the right kidney and occurs in one of three ways: (1) inclusion 
of a portion of the vessel in the mesial clamp on the renal vessels, 
(2) tearing of a portion of the vena cava which is adherent to the kidney 
as the latter is mobilized and (3) avulsion of the renal vein at its site 
of entrance into the vena cava by undue traction on the renal pedicle. 
Five methods have been advocated to control the bleeding: (1) packing, 
(2) partial or lateral ligation, (3) complete ligation, (4) application of 
clamps, which are left in place, and (5) suture of the tear. Packing is 
the least satisfactory ; lateral ligation is also untrustworthy. Apparently, 
complete ligation may be done. Pfaff reviewed 19 cases in which com- 
plete ligation was performed, with 6 deaths. The ligation must be below 
the entrance of the left renal veins; otherwise death from uremia will 
follow. Walters and Priestley stated the opinion that accurate applica- 
tion of large, smooth-jawed, curved clamps to the defect in the vena 
cava is a satisfactory method of closure. The clamps should be left in 
place for one week; then they should be gently loosened and removed 
in twelve to thirty-six hours. Suturing rvith oiled silk is the ideal 
method of closure. 

The results of nephrectomy for renal tumor are difficult to estimate. 
Recurrence of such a tumor fifteen years after operation has been 
reported by Muir and Goldsmith, and a number of like cases, in which 
the tumor recurred nine, ten and twelve years after nephrectomy, have 
been reported by other writers. 

With reference to the surgical approach to a tumor of the kidney, 
Cabot ® expressed entire accord with the view that the lateral approach 
is desirable for a tumor of the renal pelvis. In dealing with a tumor of 
the renal parenchyma, the operator from the outset should have com- 
plete control of the blood supply and should be concerned not exclusivel}' 
with the tumor but also with the whole surrounding region. The expo- 
sure of such a tumor cannot be complete through the lateral approac i. 
An anterior approach should allow exposure of the entire region an 
should be begun not in the loin but at the outer border of the rectus 

2. Cabot, H., in discussion on Symposium on Renal Tumors, J. Urol. 39.. '51^ 

315 (kfarch) 1938. 
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muscle, where the peritoneum should be opened for exploration. If the 
tumor is inoperable, the wound can be closed promptly and without 
damage to the patient. 

Cabot - called attention to the use of the parietal peritoneum for 
walling off the intestine. This enables the operator to avoid the use of 
gauze packing or other noxious substances, which seem readily to 
produce shock. The peritoneum is an excellent agent for walling off 
the intestine completely. Cabot pointed out that it is essential to proceed 
cautiously in approaching the pedicle and to tie all the afferent veins 
carefulty, because the tearing of the veins over the fatty capsule often 
will be troublesome, and the resulting loss of blood is the essential con- 
tributing factor in the mortality. Division of the ureter should be made 
early ; then the pedicle is cared for. When the pedicle has been secured, 
the problem is solved. 

Bell ^ offered a classification of renal tumors, with observations on 
the frequenc)’’ of occurrence of the various types. His paper was based 
on the study of records of approximately 30,000 necropsies. 

The following classification corresponds with that used by the 
majority of writers: 

I. Renal tumors occurring in children 

A. Wilms’ tumor, 5 cases 

B. Multiple tumors with tuberous sclerosis, 1 case 

II. Renal tumors occurring in adults 

A. Parenchymal 

1. Fibroma 

2. Leiomyoma 

3. Lipoma and liposarcoma 

4. Fibrosarcoma, 1 case 

5. Hemangioma, 1 case 

6. Wilms’ tumor 

7. Adenoma 1 

o , . . !- 149 cases 

8. Adenocarcinoma j 

B. Pelvic 

1. Papilloma, 1 case 

2. Carcinoma, 3 cases 

Bell found only 5 renal tumors in children in the series of 30,000 
postmortem examinations, in which children were proportionately repre- 
sented. Except for the multiple tumors of tuberous sclerosis, all the 
tumors were of the Wilms type. Examples of hypernephroma (adeno- 
carcinoma) were not found among children. Wilms’ tumor occurs in 
the first decade of life and is highly malignant, only an occasional cure 
being reported. The tunpor is large and fleshy; it does not have the 

3. Bell, E. T. : A Classification of Renal Tumors with Observations on the 
Frequency of the Various Types, J. Urol. 39:238-243 (March) 1938. 
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yellowish or whitish color characteristic of tumors occurring in adults. 
Histologically two varieties are distinguished, adenosarcoma and rhabdo- 
myosarcoma. Bell found 3 cases of the former and 2 of the latter. 

Renal 'lumors in Adults . — The vast majority of renal neoplasms 
develop in the parenchyma, which includes all of the renal substance 
except the pelvis and the connective tissue surrounding it. Fibroma of 
the cortex is a subcapsular growth rarely more than a few millimeters 
in diameter. Leiomyoma is a tumor of fairly frequent occurrence. It is 
seldom more than 5 mm. in diameter, and is situated immediately beneath 
the capsule in most instances. It probably originates from capsular, 
smooth muscle or from the muscle of blood vessels. Lipoma is com- 
paratively rare and usually is very small. It occupies the outer portion 
of the cortex, under the capsule. Several large benign lipomas and a 
few liposarcomas have been reported. Fibrosarcoma of the kidney is 
rare. Most of the tumors which appear to be sarcoma on casual micro- 
scopic examination prove to be undifferentiated carcinoma on examina- 
tion of a number of sections from different parts of the tumor. 
Hemangioma is a rare tumor which does not produce symptoms unless 
it erodes the renal pelvis, in which case hematuria ensues. In rare 
instances Wilms’ tumor occurs in an adult. The structure is usually 
that of adenosarcoma. No instance of occurrence of this tumor in an 
adult -was found. Adenoma and adenocarcinoma were discussed together 
because the distinction between them is somewhat arbitrary. 

A survey of 383 cases of Wilms’ tumor, collected from the literature 
or observed personally by McNeill and Chilko,^ revealed a poor prog- 
nosis and a mortality rate of more than 90 per cent. 

Six types of treatment have been followed : ( 1 ) nephrectomy alone, 
which in the opinion of the majority of surgeons offers the only chance 
for the patient’s recovery; (2) serum therapy in conjunction with 
nephrectomy (Coley reported a good result from this method) ; (3) 
roentgen therapy to reduce the size of the tumor and to kill the 
embryonal cells, followed by nephrectomy (fewer than six urologists 
have followed this procedure) ; (4) roentgen therapy followed by 
nephrectomy and subsequently by another course of roentgen treatment 
(only a few surgeons have followed this procedure ) ; (5) nepbrectom} 
followed by roentgen treatment to destroy any residual malignant 
embryonal cells, and (6) roentgen therapy alone (only 2 successful 
results from this procedure have been reported, and in each of these 
instances treatment was given over a period of three to three and a ha 
years). One of the patients (of Pohle and Ritchie) was alive and m 


4. McNeill, W. H., Jr., and Chilko. A. J.: Status of Surgical and ^^rad^ion 
Treatment of Wilms’ Tumor and Report of Two Cases, J. Urol. - 
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excellent health at the time of the report, three years and eight months 
after this type of therapy was begun; in the other case the patient was 
alive and well three years after institution of radiation therapy. 

Kutzmann stated that squamous cell carcinoma of the renal pelvis 
is of infrequent occurrence. A review of the literature indicated that 
ability to recognize it clinically has increased in recent years. In all, 81 
authentic cases have been reported. Renal tumors comprise 0.25 to 0.5 
per cent of all tumors; of these, 6.4 per cent occur in the renal pelvis. 
Squamous cell carcinoma forms about 17 per cent of the latter group, 
making 1 in 18,518, or a general incidence of approximately 0.005 
per cent. 

There is no pathognomonic clinical syndrome. Hence, the diagnosis 
has never been made preoperatively. The disease has an insidious onset 
and runs a rapid and fatal course. The only known treatment is 
nephrectom 3 \ The prognosis is poor, there being no five year cures 
on record. 

Squamous cell carcinoma of the renal pelvis is associated with chronic 
renal infection and with calculus in more than half the cases. 

Squamous cell carcinoma of the renal pelvis presents a paradox, 
because it is an epithelial growth derived from tissues of mesothelial 
and entodermal origin. This occurrence can be explained if one assumes 
the presence of a protective metaplastic process, that is, leukoplakia, 
on the renal pelvic mucosa, which with continued irritation undergoes 
malignant degeneration. Leukoplakia, therefore, is to be considered the 
precursor of squamous cell carcinoma. 

Kutzmann reported 1 case of squamous cell carcinoma. The malig- 
nant growth was associated with (1) leukoplakia; (2) intense, chronic 
and destructive pyonephrosis with superimposed infection; (3) calculus, 
and (4) metastatic involvement of the lymph nodes of the renal pedicle. 

Suppuration. — Philippart® stated that he would prefer to abandon 
the old method of classification of suppuration as hematogenous or 
ascending, as these terms are derived from mental concepts and do not 
represent clinical entities. He would return definitely to the use of the 
anatomicopathologic terminology and speak of pyogenous nephritis, 
which may appear in any one of three forms; (1) miliary pyogenous 
nephritis, (2) anthracoid pyogenous nephritis (resembling giant 
anthrax) and (3) confluent pyogenous nephritis (single or multiple 
abscess), which includes pyonephrosis. 

The diagnosis, which is difficult with the extremely acute form 
and with the latent form of the disease, is generally easily made in the 

5. Kutzmann, A. A. : Squamous Cell Carcinoma of the Renal Pelvis, with 
Special Consideration as to Etiology, J. Urol. 39:487-505 (April) 1938. 

6. Philippart, R. ; Suppuration of the Renal Parenchyma, Kong. d. internat. 
Gesellsch. f. Urol. 2:228-238, 1937. 
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average case. The diagnosis is based on the classic somatic symptoms : 
the discrete bacteriuria, the presence of leukocytosis and the results of 
roentgen examination. Ascending pyelographic and intravenous uro- 
graphic examinations usually will reveal the most important information. 

In considering treatment one must take into consideration the 
possibility of involvement of the opposite kidney, the possibility of 
spontaneous cure and the infrequent need for surgical intervention as an 
emergency measure in such cases. Except for the hyperacute forms of 
the disease, medical treatment should be tried first, together with 
physical therapeutic, dietetic and biologic measures. Such treatment 
may delay the need for surgical intervention, if it does not make it 
unnecessary. Such intervention, when it becomes inevitable, should be 
essentially conservative and should be performed in such a way as to 
minimize trauma. . Careful postoperative measures should complete the 
treatment. These should consist of the following procedures: (1) simple 
incision of the walls in cases of perinephritic abscess, (2) decapsulation 
and electrocoagulation in cases of miliary pyogenous nephritis, (3) 
enucleation [with the electric knife] of the necrotic mass in cases of 
pyogenous anthracoid nephritis and (4) opening of the intrarenal abscess 
or of the pyonephrotic lesion in cases of confluent pyogenous nephritis. 

In the majority of cases correct drainage and suitable irrigation will 
bring about complete cure. 

If nephrectomy becomes necessary, it should be done in two stages, 
except in cases in which it can be performed with exceptional facility. 
A short interval between the two stages allows the condition of the 
infected organ to improve and the opposite kidney to regain better 
function. 

Lasio stated that in the study of nonspecific renal suppuration one 
must bear in mind two fundamental principles : ( 1 ) the precise distinc- 
tion between various grades of suppuration and (2) the concept of the 
urinary system as a whole, rather than as made up of separate segments. 
Only with these criteria in mind is it possible to follow the development 
of suppuration in all its stages, which are, in order, as follows; pyelitis, 
p 3 'elonephritis (circumscribed), diffuse pyelonephritis (miliar}^), solitary 
abscess of the kidney, pyonephrosis, and contracted kidney (post- 
pyelonephritis). 

On the basis of a study of 418 cases of renal suppuration encountered 
in the urologic clinic of the University of Milan in a period of ten years 
(1923 to 1932 inclusive), Lasio reached the following conclusions; 

The process of endorenal suppuration and all its varieties ^ 

reduced to a single anatomicopathologic process consisting of two funda- 
mental factors, namely suppuration and fibrosis, which are associate 

7 Lasio, G. B.; Suppurations of the Renal Parenchyma. Konp. ti- inf^ 
Gesellsch. f. Urol. 2:2I2-22a. 1937. 
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in various proportions to constitute a unitary process, the stages of which 
pass from the initial punctiform abscess to the terminal phase of com- 
plete destruction of the organ. These are not different forms; they 
are only different stages, for the most part clearly distinguishable, and 
are associated with renal suppuration in every case. 

In the grave, diffuse forms of suppuration, the hematogenous route 
is the most frequent, whereas with subchronic suppuration of slow course 
and less stormy development the l}'mphogenous route holds first place. 
The latter route well explains the passage of micro-organisms from 
primary sites in the adnexal, perivesical and ureteral regions to the 
urinary system above. In reality, the pathogenesis of renal infections 
cannot be explained on the basis of any single route of penetration. 
Assumption that more than one route of penetration has contributed to 
the final result is always necessary to a correct interpretation of such 
phenomena. 

With reference to methods of diagnosis, Lasio paid most attention 
to the presence of pyuria, to search for its origin and to examination of 
renal function. Typical of the miliary form is local pain, spontaneous 
or induced, and unilateral hypoazoturia. The urographic findings are 
characteristic in the different forms of the disease. In cases of simple 
pyelitis and pyelonephritis these findings are negative; in cases of 
pyonephrosis and solitary abscess, urographic examination gives invalua- 
ble information ; in cases of the miliary form of the disease, urographic 
examination is of value for the negativity of its results. 

In treatment, permanent drainage of the urinary system holds first 
place; this may be total (permanent drainage by a catheter left in the 
bladder) or partial (permanent drainage by a catheter left in the renal 
pelvis). Lasio proceeded at once to consider nephrectomy in cases of 
extensive or limited pyonephrosis and in cases of diffuse miliary nephro- 
pyelitis. In a considerable number of cases of the latter, however, 
he has carried out conservative treatment, associating nephrolysis with 
permanent pyelostomy, and obtained results that were truly satisfying. 
Such therapy, however, calls for early diagnosis and for good resistance 
on the part of the patient. 

Dos Santos ® said that whereas the essential problem of renal 
suppuration is certainly that of therapy, there is a point in the classifica- 
tion of such an infection that should be clarified. The important thing 
is not to distinguish between descending and ascending infections but 
to distinguish between hematogenous infections of the parenchyma and 
infections of the excretory apparatus, which are nearly always ascending 

8. Dos Santos, R. : Suppurations of the Renal Parenchyma, Kong. d. internat. 
Gesellsch. f. Urol., 1937, vol. 2. 
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but sometimes descending in type. He was concerned in tliis report only 
with hematogenous infections, which constitute a true nosologic entity. 

His comments do not reflect the skepticism of some authors with 
regard to intravenous chemotherapy. In cases of staphylococcic and 
streptococcic infections, especially good results have been obtained by 
administration of mercurochrome, so that in some cases a contemplated 
operation has become uimecessary. For good results large doses are 
necessary, and these must be given early in the course of the disease. 
The results Mdll be jnore certain if instead of the intravenous route tlje 
arterial route by way of aortic puncture is chosen. This is because 
urinary antiseptics administered orally or even intravenously are too 
dilute when they reach the kidne}^ to be maximally effective. The 
efficacy of the urinary antiseptic is dependent on the concentration of the 
drug as it passes through the epithelial tubules of the kidney. There- 
fore, intra-arterial administration is favored. Dos Santos emphasized 
the fact that'the aorta is the most direct and the most rational route for 
administration of drugs in the treatment of hematogenous infections of 
the kidney. The technic of performing such an injection is simple. The 
injection is absolutely harmless, and there is practically no pain asso- 
ciated with it, according to the author. 

Early treatment is necessary if good results are to be obtained. If 
treatment is instituted within the first two weeks of onset (in cases of 
moderate gravity) there is every chance that arterial injections will 
overcome the infection. If one waits longer, the foci of infection may be 
too extensive, with formation of confluent abscesses or perirenal 
suppuration which render surgical intervention mandatory. 

Of the author’s last 40 patients who had hematogenous suppuration, 
12 were seen and treated in the first or second week of the disease. All 
of these were cured without operation, intra-aortic or intravenous 
mercurochrome therap)% associated with renal diatherm)^, being the only 
measure used. 

Of 28 patients seen after the second week of the disease, 2 were 
cured without operation and in 1 other a large abscess emptied spontane- 
ously by way of the renal pelvis; the rest of the patients required opera- 
tion, nearly all having perinephritic foci. In some cases it was necessar} 
still to use mercurochrome to combat the renal foci that continued to 
develop. In at least 2 cases this prevented the necessity of nephrectomy 
or, at least, of reintervention. 

It should be remembered that injection of an antiseptic directly into 
the abdominal aorta is the surest way of reaching not only multiple foci 
in the kidneys but other sites of infection (hepatic and splenic) along tlie 

same route. 
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Lepoutre ® stated that he had had occasion to observe 12 cases of 
abscess of the renal cortex and to operate in 10 of them. It is important 
to determine (1) the condition of the patient at the time of examination, 
and (2) the operation to be emplo 3 'ed. 

Abscess of the renal cortex may present any one of three pathologic 
pictures: 1. Septicemia of undetermined localization, persisting for 
several months and followed at length by lumbar pain. 2. Lumbar pain 
and tumefaction in the region of the kidney, occurring after a short 
febrile peidod. In this condition the urine is clear. If the physician is 
consulted earl}^ enough, an abscess of the cortex is discovered promptly. 
If intervention is late, perinephritic phlegmon has probably developed. 
3. Persistent fever after an operation for perinephritic phlegmon. The 
fever does not diminish, or, if it does, it reappears after considerable 
time has elapsed. Operation reveals an abscess that is an indication for 
nephrectomy. 

What operation should be performed? In most cases the good 
sense of the surgeon will indicate the t 3 fpe of intervention required. 
A kidney that has been transformed into a purulent sponge justifies 
the performance of nephrectomy; localized abscesses should be incised 
and dressed after decapsulation. A difference of opinion regarding 
treatment of a true carbuncle exists. In the 2 cases observed by 
Lepoutre, nephrectomy was carried out. 

In certain cases of grave p 3 felonephritis in which nephrectomy might 
have been regarded as justifiable, Lepoutre drained the renal pelvis, 
performed decapsulation and brought about a cure. A condition of 
this kind is not simple abscess of the cortex. This conservative treat- 
ment of severe pyelonephritis merits attention. 

Fey stated that in dealing with suppuration of the renal paren- 
chyma it is important to distinguish between secondar 3 ' complications 
of some renal infection, which will clear up after the primary infection 
(of which the colon bacillus is the causative agent) has been overcome, 
and infections due to the staphylococcus. The first may be common 
radiating nephritis ; not only, however, may it become pyelonephritis 
or pyonephrosis, but it may assume that clinical picture to which Motz 
has given the name “pyonephritis.” One must then suspect an abscess 
of the parenchyma and intervene by performing nephrostomy or nephrec- 
tomy. Infections caused by the staphylococcus, on the contrary, 
strike quickly, attacking the renal parenchyma but not involving the 
excretory tract unless one of the collections of pus within the paren- 

9. Lepoutre, C. : Suppurations of the Renal Parenchyma, Kong. d. internat. 
Gesellsch. f. Urol., 1937, vol. 2. 

10. Fey, B. : Suppurations of the Renal Parenchyma, Kong. d. internat. 
Gesellsch. f. Urol. 2:179-182, 1937. 
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chyma should open, not as usual into the surrounding perirenal tissue, 
but into the excretory passages by way of a calix. In such a case the 
clinical picture is different: it is that of septicemia, a generalized 
process, associated with production of clear urine; it may not even be 
recognized as being situated in the renal parenchyma unless a sys- 
tematic search is made for the origin of the intense pain in the costo- 
muscular angle, on which diagnosis is based. 

In treatment, the main thing is to know when to intervene. This 
is particularly difficult to determine in the presence of subacute infec- 
tion. There are two arguments against early operation. The first is 
that the condition may improve spontaneously or without intervention. 
This argument has a certain value, but it should be remembered that 
spontaneous resorption of an abscess occurs slowly, requiring months 
rather than weeks. The process often is interrupted by relapses, which 
may leave a sclerotic kidney with diminished function, so that cure 
occurs more slowly and less satisfactorily than it would have done if 
Operation had been carried out. The second argument against early 
intervention is that if one waits one may localize lesions that were at 
first diffuse and thus may be able to perform a conservative operation, 
whereas if early operation is done the diffuse appearance of the lesions 
may lead one to conclude that nephrectomy is necessary and to remove 
a kidney that might have been saved. 

The second argument has special force in cases of miliary abscess, 
because this condition is sometimes bilateral and may be simultaneously 
medullar and cortical. Decortication is often insufficient, and one may 
easily be led to do a nephrectomy. It seems logical, therefore, not to 
intervene prematurely. 

The situation is different in the presence of localized forms of the 
disease (single abscess or few abscesses; anthrax of the kidney). In 
such cases temporization has no place and is likely to lead to a reaction 
of perinephritis which will make eventual operation all' the more difficult. 

In the first eight days the kidney is free and is easily exteriorized ; 
its surface can be examined throughout to determine whether all the 
abscesses are draining properly. Later, operation becomes difficult 
and dangerous ; perinephritis develops and fixes the kidney, so that not 
only is its exteriorization made impossible but renal exploration becomes 
difficult and dangerous. 

Fey therefore advised late intervention in cases of miliary disease 
and operation as early as possible if focal lesions are present. Pyelo- 
graphic study is an important aid in reaching a decision. The presence 
of deformations in the pyelogram is an argument for immediate inter- 
vention. 
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Marinescu stated that suppuration of the renal parenchyma, that 
is to say, pyonephritis, originates by way of the blood stream and is 
usually caused by the colon bacillus or by the staphylococcus. Some- 
times the streptococcus and other microbes may be associated organisms. 

The colon bacillus more frequently causes miliary abscesses in the 
cortex of the kidney, whereas the staphylococcus produces anthracoid 
furuncle of the kidney by means of emboli which lead to more or less 
extensive renal necrosis. In most cases perinephritic abscess follows, 
owing to the opening of the renal abscess into the perirenal zone. 

The symptoms of suppuration of the kidney are those of extensive 
pyemic infection, and the syndrome is completed by clinical signs 
referred to the lumbar region and by urinary symptoms. Signs of 
perinephritic abscess often hold first place, and it is only by careful 
scrutiny of the kidney during operation that one may perceive the 
suppuration within the organ. Modern methods of examination, espe- 
cially urographic study, may confirm the clinical diagnosis. The prog- 
nosis is grave if operation is not performed. Even after the most 
cautious operations the mortality remains high. 

For abscess of the cortex, decapsulation of the kidney is often suf- 
ficient. More often, however, nephrostomy should also be carried out. 
Cauterization with the galvanocautery is indicated for small abscesses. 
For a small furuncle of the kidney, cauterization and curettage should 
be carried out ; drainage by means of antiseptic gauze may lead to cure. 
Prompt nephrectomy is indicated if there is extensive destruction of 
the kidney. When a perinephritic phlegmon is present, the collection 
of pus must be opened and the kidney carefully controlled for several 
days afterward if fever persists. A fistula frequently becomes estab- 
lished, and the cicatrized and sclerotic kidney loses its function; when 
this occurs the kidney must be removed secondarily, a procedure accom- 
plished only with great difficulty. 

Beer stated that the subject under discussion should be limited to 
primary parenchymal infections whether caused by cocci or by bacilli. 
The coccic infections are the more interesting, and although many are 
readily diagnosed there is a large group that may present serious diffi- 
culties. 

Roentgenologic examination should be done in all cases. Both the 
simple roentgenogram and the urogram may facilitate diagnosis. In 
Beer’s last series of 43 cases in a total of 104 cases of cortical abscess 
caused by cocci (usually Staphylococcus aureus, rarely Staphylococcus 

11. Marinescu, G. : Suppurations of the Renal Parenchj'ma, Kong. d. internat. 
Gesellsch. f. Urol., 1937, vol. 2. 

12. Beer, E., in discussion on Symposium on Suppuration of the Renal 
Parenchyma, Kong. d. internat. Gesellsch. f. Urol. 2:238-240, 1937. 
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albus or Streptococcus), roentgen examination helped in confirming 
the diagnosis in more than 50 per cent. 

Tuberculosis . — The time-honored conception that renal tuberculosis 
is primarily unilateral, that it is a surgical condition and that nephrec- 
tomy is indicated when the diagnosis has been made has been under- 
mined by conclusions drawn by some observers from recent experimental 
and pathologic studies. It is contended that the disease is bilateral 
from the onset, that this early bilateral tuberculosis may heal spon- 
taneously on one or both sides and that a chance of cure by medical 
means should be given. Nephrectomy should be postponed, at least 
until the lesion is far enough advanced to allow for establishment of 
some immunity. 

Hinman attempted to reconcile the discrepancies in these oppos- 
ing conceptions by a study of 300 patients with renal tuberculosis, on 
181 of whom nephrectomy had been performed, and by a discussion 
of certain practical points regarding diagnosis and treatment. 

He distinguished preclinical from clinical tuberculosis and said 
that findings in cases of the preclinical form should not influence 
the management of the clinical type. Associated with active extra- 
renal tuberculosis, bacilluria without pus may be present, and on micro- 
scopic examination of the kidneys minute bilateral lesions may be 
found. The bacilluria may disappear, and the inference that the early 
lesions have healed spontaneously or under medical treatment is clear. 
The lesion in clinical tuberculosis, on the other hand, is usually uni- 
lateral and will not heal spontaneously. Nephrectomy is indicated. 
The diagnosis is made by the finding of tubercle bacilli and pus in 
the urine on several examinations. 

When pus and tubercle bacilli are found in the urine from each 
kidney at the time of cystoscopic examination, pyelographic study is 
not needed, and its use should be condemned. The diagnosis should 
not depend on excretory urograms, but these may be the means of 
obtaining valuable information about the condition of the opposite, 
nontuberculous kidney and if unsatisfactory may be supplemented by 
retrograde pyelographic examination, all known precautions being 
taken against contamination of the nontuberculous kidney. 

A sterile pyuria without the presence of tubercle bacilli ma) be 
confusing but can be distinguished by its response to treatment. The 
terminal stages of some pyogenic infections clear up with irrigations 
of the bladder and the renal pelvis. Amicrobic pyuria, which is re 
quently reported in the foreign literature, responds promptly to 
administration of neoarsphenamine. 

13. Hinman, F. : Tuberculosis of the Kidne}’, Surg., G 3 'nec. & Obst. G6.3- 
347 (Feb. 15) 1938. 
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The clinical form of renal tuberculosis is unilateral in 85 per cent 
of cases when first diagnosed, and if the condition is localized in the 
kidney, nephrectomy is 100 per cent curative. When it has spread 
to the bladder or genital tract, nephrectomy is still 60 to 70 per cent 
curative. 

Formation of persistent sinuses after nephrectomy is the result of 
tuberculosis of perineal tissues or of contamination and is not the 
result of tuberculosis of that portion of the ureter which has not 
been removed. As much of the ureter as is accessible should be 
removed, but complete ureterectoni)' is unnecessary, as the additional 
operative work required by it may be detrimental. 

Alcorn and Buchtel briefly reviewed the literature pertaining to 
cultural findings and microscopic studies of the urine in cases of renal 
tuberculosis. They reviewed records of 1,269 cases of coccic and 
bacillary infection of the urinary tract encountered at the Mayo Clinic. 
In only 85 cases did the urine contain Mycobacterium tuberculosis. 
The pH oi the urine was noted. The urinary sediment was stained 
with Gram’s stain, and urinary cultures were made. The hydrogen 
ion concentration of the urine was estimated by colorimetric methods. 

The organism most frequently found in this series of cases was 
Escherichia coli. This was the only organism found in the urine in 
743 cases. In these cases the pn of the urine varied from 4.6 to 7.7, 
and in approximately half it varied from 5.3 to 5.9. In cases in 
which the infection was attributable to a single type of bacterium, the 
organism next in frequency was Aerobacter aerogenes, which was 
present in 135 cases. In 61.5 per cent of these, the pn of the urine 
ranged from 5.3 to 6.3. In 78 cases in which the infection was attribu- 
table to Myco. tuberculosis, the pn of the urine varied from 5.0 to 7.1. 
In 50 per cent of these it varied from 5.5 to 6.1. With the exception 
of cases in which urea-splitting organisms were encountered, the pn 
of the urine varied slightly in the majority of cases, and it was prac- 
tically the same whatever organism was found in the urine. These 
findings certainly weaken the conception that urine from tuberculous 
kidneys is bactericidal owing to its increased acidity. 

In 38 (47.7 per cent) cases of renal tuberculosis, other organisms 
were associated with Myco. tuberculosis in the urine. Esch. coli was 
recovered in 8 cases, whereas in 9 instances the bacteria were identified 
only by use of the Gram stain. Streptococcus faecalis and Micrococcus 
were each present in 4 cases, whereas cocci were identified by staining 
methods in 20 cases. 

14. Alcorn, K. A., and Buchtel, H. A. : The Urine in Renal Tuberculosis ; 
Its Reaction and Associated Bacteria, J. Urol. 39:376-382 (March) 1938. 
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Alcorn and Buchtel concluded that the finding of ordinary bac- 
teria in the urine does not exclude the presence of renal tuberculosis, 
because in 44.7 per cent of cases of this disease the urine is infected 
secondarily. In most cases the urine has a definite acid reaction. In the 
more frequent pyogenic infections the urine has an equally low acidity. 
Organisms associated with Myco. tuberculosis in the urine do not 
appreciably affect the reaction of the urine unless they split urea. 
Urea-splitting organisms were present in only 7.9 per cent of the cases 
studied. 

Henline and Bray presented histories of 7 patients with urogenital 
tuberculosis for whom operations on the urogenital tract were per- 
formed. All these patients died after postoperative -cystoscopic exami- 
nation. Evidence that any of the deaths (except 1 due to a surgical 
accident) was either caused or hastened by the urologic procedures 
was not found. 

It was Henline and Bray’s impression that the early operative mor- 
tality in cases of renal or genital tuberculosis is no greater than that 
of major operations for other types of infection. The late mortality 
(between two weeks and five years) is considerably greater, death 
often resulting from one of the usual terminal stages of tuberculosis, 
that is, miliary, pulmonary or generalized tuberculosis, tuberculous 
meningitis or, occasionally, tuberculosis of the remaining kidney. 

Although particular gentleness and care always should be exercised 
in diagnostic or surgical procedures on patients who have tuberculous 
lesions. Henline and Bray concluded that such procedures rarely, if ever, 
cause generalized dissemination of tuberculosis or hasten the fatal out- 
come among patients who eventually die. They concluded that death 
results from gradual progression of the disease and that the urologic, 
diagnostic and surgical procedures are merely noncontributory incidents 
in the course of this progression. Patients seek medical advice because 
their urologic symptoms are becoming exaggerated, and it is probable 
that the increasing severity of urogenital symptoms is a manifestation 
of a progressive tuberculous process in the presence of lowered general 
resistance. 

Earty diagnosis and removal of urogenital foci of infection permit 
the patient to combat more readily the general tuberculous infection 
under proper medical supervision. Only by such early diagnosis and 
removal of tuberculous urogenital infection will the morbidity and mor 
tality of patients suffering from such complications be reduced. 


IS. Henline, R. B., and Bray, J. L.: Urogenital Tuberculosis :<^mptotion5 

Following Diagnostic and Surgical Procedures, J. Urol. 39:529-547 ( P 


1938. 
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All patients who have urogenital tuberculosis should be carefully 
studied to determine the stage of the tuberculous process, and after 
surgical removal of the focus of infection they should be urged to 
remain under constant and competent medical supervision. 

Dissemination of tuberculosis by urologic procedures has been 
reported, but it is our opinion that a close analysis of each case will 
lead to the inevitable conclusion that the cause of the fatal termination 
was in progress before anj’’ urologic manipulation was undertaken. 

Certain factors are recognized whicli when properly utilized ma)' 
influence favorably the progress of various tuberculous lesions in the 
urogenital system. Tliomas, Kinsella, Stebbins and Fetter stated that 
these methods are not to be used to the exclusion of surgical treat- 
ment when operative intervention is indicated and other conditions are 
favorable for its use. Certain of these, particularly constitutional treat- 
ment, the use of heliotherapy and adequate treatment of other tuber- 
culous foci, if properly used may add materially to the chances of 
recovery, the comfort during convalescence and the prolongation of life 
of the patient. A broadening of the urologist’s horizon, which will 
permit him to complement or supplement his surgical treatment of ‘ 
genitourinary tuberculosis by some of these other methods, will prove 
of benefit to his patients and augment his reputation in the handling of 
patients suffering from this disease. 

Ljunggren stated that an ordinary roentgenogram is of value in ' 
diagnosis of late renal tuberculosis but is rarely so in determination 
of the condition in an early stage. A retrograde pyelogram gives more 
important information than an ordinary roentgenogram, but its use has 
never become as widespread in Europe as in America. Many urolo- 
gists of high standing (Casper, Rubritius, Wildbolz and Hinman) 
oppose it, as they believe it causes extension of the infection. 

Excretory urographic study has been of decided advantage in the 
detection of renal tuberculosis. In Ljunggren’s opinion both methods, 
the retrograde and the intravenous, are now overestimated. More and 
more cases are reported in which tuberculosis is diagnosed on pyelo- 
graphic evidence alone and the kidney, in which even the most minute 
microscopic examination fails to reveal positive signs of tuberculosis, 
is removed. Ljunggren cited several cases that came under his obser- 
vation which confirmed this opinion. The condition in these cases 
turned out to be pyelitis cystica, juvenile malignant renal sclerosis, 
chronic pyelonephritis or an anomaly. Ljunggren advised against 

16. Thomas, G. J. ; Kinsella, T. J. ; Stebbins, T. L., and Fetter, C. K. : Factors 
Favoring Non-Progression of Certain Tuberculous Lesions of the Urogenital 
Tract, J. Urol. 39:97-110 (Feb.) 1938. 

17. Ljunggren, E. : Zur "Rontgendiagnostik der Nierentuberkulose, Ztschr. f. 
Urol. 32:40-49 (Jan.) 1938. 
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making the diagnosis o£ renal tuberculosis on pyelographic evidence 
alone. He concluded that other diagnostic methods, such as analysis 
of the urine, cystoscopic study, ureteral catheterization, functional tests 
and, above all, demonstration of tubercle bacilli (by examination of 
the smear directly, by culture or by inoculation of guinea pigs) are 
essential. 

Hypevtcnsioii and Renal Disease . — Boyd and Lewis reported a 
case of nephrectomy for arterial hypertension which is of considerable 
surgical interest, because the true condition was brought to light after 
bilateral simultaneous exposure of the adrenal glands and the kidne3^s 
had been performed. This was followed by nephrectomy. The patient 
was relieved of his symptoms, and his blood pressure returned to 
normal. 

On admission the patient’s blood pressure was 200 mm. of mercury 
systolic and 120 diastolic. Intravenous pyelographic study indicated 
good secretion of iodide in five minutes from both kidneys. The right 
kidney had normal delicate calices, a normal extrarenal pelvis and a 
normal ureter. The adrenal gland was well visualized and appeared 
normal. The left kidney had very delicate calices. The left renal pelvis 
was smaller than the right. The ureter was normal. 

Exploration of the adrenal gland and the kidney (bilaterally) and 
nephrectomy (on the right) were performed. The patient was placed 
on the operating table in Young’s position for bilateral simultaneous 
exposure of the adrenal glands, face downward with the hips flexed 
at about 55 degrees, the chest and pelvis being elevated on cushions. 
The abdominal contents sagged between the cushions. The kidneys and 
the adrenal glands were explored simultaneously. The adrenal glands 
were normal. The right kidney, which was infarcted, was removed. 

The right kidney was 10 by 6.5 by 3.5 cm. and weighed 138 Gm. 
The appearance of the posterior surface of the kidney was normal 
except for a bright yellow depressed area 2 cm. wide at the upper pole. 
This lesion was continuous with a depressed area replacing the cortical 
substance of the upper half of the anterior surface of the kidney. On 
section the lesion was found to involve a segment of the kidney from 
the pedicle, spreading out toward the cortex in the shape of a fan. 
Infarction was obvious. Thickening of the arterial walls was apparent. 

After operation the blood pressure was 120 mm. of mercury s}stolic 
and 80 diastolic. Evidence of shock was not present. The patient 
returned to his home to rest for three weeks and then resumed his 
normal activities. His blood pressure, reported by his physician, was 

18. Boy^ C. H., and Lewis, L. G. ; Nephrectomy for Arterial Hypertension. 
Preliminary Report, J. Urol. 39:627-635 (May) 1938. 
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130 systolic and 80 diastolic. He felt well and carried on his normal 
activities. 

At operation both adrenal glands were exposed simultaneously, 
carefully isolated and compared. Some of the nerves were probably 
severed in the process. Thus, partial denervation of the adrenal glands, 
as described by Crile, may account for relief of the hypertension, but 
immediate improvement in the condition did not occur, which is con- 
trary to expectation if this hypothesis were true. It seems probable 
that the arterial disease of the right kidney was responsible for the 
hypertension. The infarct was of secondar}^ importance but served to 
call the operator’s attention to the condition. Had the infarct not 
occurred, nephrectomy probably would not have been done. The clinical 
result in this case to date seems to justify the use of the procedure. 

Leadbetter and Burkland gave a resume of experimental work 
on production of h)'pertension by constriction of the renal arteries of 
animals, paying particular attention to the fact that partial constriction 
of only one renal artery results in definite, sustained hypertension. 

A case showing the clinical application of the experimental work 
was presented. The patient was a Negro boy aged 5^ years, with a 
severe degree of hypertension known to have been present for three 
years. Apparent cure was effected by removal of an ectopic kidney, 
the main artery of which was partially occluded. 

The cause was found to be an intra-arterial mass of smooth muscle, 
which was thought to be congenital. 

A discussion of theories attempting to explain the mechanism of the 
production of hypertension in a case of this sort, as well as sugges- 
tions for further study of the problem by differential tests of renal 
function, was offered. The splendid results obtained should stimulate 
investigation of the kidneys as a possible source of malignant hyper- 
tension in cases in which sympathectomy or excision of adrenal 
glandular tissue is contemplated. 

Barker and Walters-® discussed the work of Goldblatt, which has 
demonstrated that hypertension can be produced experimentally by 
partial obstruction of the renal arteries. This work has revived the 
theory which associates hypertension with renal disease. The hypothesis 
has been advanced by certain investigators that this renal type of hyper- 
tension is produced by liberation of some pressor substance within the 
kidney. This has not yet been definitely proved. Longcope observed 

19. Leadbetter, W. F., and Burkland, C. E. : H 3 'pertension in Unilateral Renal 
Disease, J. Urol. 39:611-626 (May) 1938. 

20. Barker, N. W., and Walters, W. : Hypertension Associated with Unilateral 
Chronic Atrophic Pyelonephritis: Treatment by Nephrectomy, Proc. Staff Meet., 
Mayo Clin. 13:118-121 (Feb. 23) 1938. 



684 


ARCHIVES OF SURGERY 


hypei tension in 11 of 22 cases of chronic bilateral pyelonephritis. 
Barker and Walters reported a case of unilateral chronic atrophic 
pyelonephrosis in which hypertension appeared after chronic pyelo- 
nephritis was well developed and in which the blood pressure returned 
to normal limits after nephrectomy. 

The patient was a man aged 42, who came to the Mayo Clinic in 
November 1937 because of hypertension. Four years previously uretero- 
lithotomy on the right side had been performed, and after this operation 
he had no further symptoms referable to the urinary tract, although 
examination at the time of the operation revealed definite hydro- 
nephrosis on the right. His blood pressure, which had been determined 
previously, was normal until August, when it was found to be 200 
systolic and 140 diastolic. The right kidney on previous examination 
had been relatively normal (except for h 3 '^dronepbrosis) until October, 
when it was found greatly contracted. A familial history of hyper- 
tension was not obtained. Examination gave essentially negative results 
except for generalized evidence of moderate arteriosclerosis. The urine 
contained erythrocytes (grade 1) and pus (grade 3). All other labo- 
ratory studies gave essentially negative results, except that examination 
of an intravenous urogram showed contraction and distortion of the 
right kidney. The left kidney appeared normal. Function on the right 
side was definitely reduced. The blood pressure in millimeters of mer- 
cury varied from 232 systolic and 135 diastolic to 170 systolic and 
120 diastolic. Nephrectomy on the right side was done; the kidney was 
found to be approximately half the normal size. It had a very nodular 
surface. Histologically a considerable portion of the parenchyma was 
replaced by fibrous tissue. The arcuate and interlobular arteries showed 
definite thickening of their walls. During the first eleven postoperative 
days the blood pressure gradually fell to 140 systolic and 100 diastolic. 
Three weeks after operation the average blood pressure was 135 sys- 
tolic and 95 diastolic. Two months after operation the patients blood 
pressure still remained at 130 systolic and 90 diastolic. At the time of 
the report it was, of course, impossible to determine what the ultimate 
result would be in this case. 

Hydronephrosis . — Hepler stated that the intrarenal changes asso 
ciated with hydronephrosis consist chiefly in anemic atrophy of the 
parenchyma, induced by back pressure and the effect of pelvic distention 
and tubular dilatation of the renal circulation. Tubular dilatation is 
followed by collapse and atrophy, and there is a general degeneration 
of tissue and relaxation caused by anemia, wFich in turn favors a more 
rapid dilatation from back pressure. 

21. Hepler, A. B.; Intrarenal Changes in Hydronephrosis, J. Urol. 38.593 
604 (Dec.) 1937. 
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The importance of circulatory disturbance to hydronephrotic atrophy 
was emphasized by experiments in which, in addition to ureteral liga- 
tion, the circulation was further disturbed. This resulted in a greatl)' 
accelerated rate of development of hydronephrosis despite reduction in 
urinary output and secretion. Because of the relations of the renal 
circulation the changes of hydronephrotic atrophy show a group dis- 
tribution. 

After relief of obstruction there is improved circulation with 
improved function and hypertrophy of the less damaged glomerulo- 
tubular units. The repair, like the damage, is not uniform and diffuse 
but shows group distribution. 

Although the changes of hydronephrotic atrophy are constant, the 
rate of development and the degree of hydronephrosis vary with the 
situation and the type of obstruction. 

Infection may modify profoundly the development of h3'^dro- 
nephrosis and the process of repair. In the early stages of obstruction 
its onset may cause primary atrophy without hydronephrosis. In the 
later stages of obstruction, after hydronephrosis has progressed, infec- 
tion may cause secondary atrophy and shrinkage. Likewise, it may 
hinder the process of repair after relief of obstruction has been accom- 
plished, and infection is an important factor contributing to the failure 
of operation in such cases. 

Walters, Cabot and Priestley reported the opei'ative results in 
71 cases in which conservative operations had been done for non- 
calculous hydronephrosis. All cases in which primary nephrectomy was 
performed, all in which heminephrectomy was done and all in which 
hydronephrosis was associated with calculi were excluded from the 
report. 

The operative mortality rate in this group of 71 patients operated 
on at the Mayo Clinic during the past eight years was 2.81 per cent. 
Secondary nephrectomy was required in approximately 21 per cent of 
cases. The incidence of secondary nephrectomy during recent years 
has been materially reduced. Satisfactory follow-up studies were 
obtained in 46 of the 71 cases. Twenty-five of the 71 were excluded 
because in 8 cases evaluation of the late results following operation 
was inadequate, in 15 cases nephrectomy was subsequently performed, 
and 2 patients died. Various types of operation were performed. 
These included resection of the renal pelvis with reimplantation of the 
ureter, division of anomalous vessels supplying the lower pole of the 
kidney, ureteropyeloneostomy, ureterotysis and miscellaneous proce- 

22. Walters, W. ; Cabot, H., and Priestley, J. T. : Operative Results in 
Noncalculus Hydronephrosis; Results in Sevent>'-One Plastic Operations, J. Urol. 
38:688-693 (Dec.) 1937. 
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dures. Nephropexy was performed in 19 cases. In some of the earlier 
cases nephrostomy was not employed ; however, during' recent years 
this has become a routine procedure in association with all plastic 
operations for hydronephrosis. The importance of using a ureteral 
“splint” catheter and leaving it in place for a sufficient time after oper- 
ation was emphasized. 

Twenty-six patients were reexamined personally, and urologic inves- 
tigation was conducted at an appreciable interval after operation. The 
late results obtained in these cases are classified as follows: 

1. Excellent results occurred in 5 cases. The patients were relieved 
of all symptoms. The renal pelvis, as demonstrated urographically, was 
definitely smaller than before operation and emptied completely in a 
normal period. 

2. Good results occurred in 8 cases. The patients had complete 
relief of symptoms, and the renal pelvis was apparently smaller, as 
shown urographically. The renal pelvis emptied within a reasonable 
time but not within what may be regarded as normal limits. 

3. Improvement occurred in 5 cases. The patients had complete 
relief of s)'mptoms, and the function of the kidney was as good as or 
better than before operation, but there was still definite abnormality in 
the size of the renal pelvis or calices. 

4. Improvement failed to occur in 8 cases. 

Late results in the remaining 20 cases were evaluated by information 
obtained from questionnaires. The condition of the patients was 
recorded as follows ; that of 7, good ; that of 8, improved ; and that of 
5, unimproved. The results in all cases, as evidenced by pyelograms 
and letters, showed the condition of the patients to be as follows; that 
of 5, excellent; that of 15, good; that of 13, improved; and that of 13, 
not improved. Therefore, 33 of the 46 patients (71.7 per cent) defi- 
nitely benefited by the operation. 

Pyelitis. — De Beaufond stated that the dominant feature in the 
pyelitis of pregnancy is atonic dilatation of the excretory apparatus of 
the kidneys. This dilatation is not uniform throughout the entire tract 
of the ureter, nor does it exclude contractility, but the contractions 
differ essentially from the normal extragravidic type, being more ^videly 
spaced and deeper, producing massive ejaculations. These manifesta 
tions are more pronounced as a rule on the right side ; they occur rv it i 
pregnancy and disappear after parturition. They generally appear at 
about the fourth month and are more severe at the end of pregnancy. 
Tonicity and motoricity begin early to show variations, commencing 
with the ureter, but de Beaufond has found that the most sensitive 

23. de ^aufond, F. H. : L’influence de la grossesse sur I'appareil excrcfeur du 
rein, Kong. d. internat. Gesellsch. f. Urol. 2:260-267, 1937. 



SCHOLL ET AL.—UROLOGIC SURGERY 


687 


point is the ureteropyelic sphincter, which promptly shows signs of 
insufficiency. Variations in the urinary circulation also appear: the 
dilated ureter evacuates its contents slowly, and the delay is often con- 
siderable. Its main characteristic is a slowing down, witli stasis, fol- 
lowed by evacuation in large quantities. 

These manifestations represent a physiologic adaptation in which a 
mechanical and a dynamic factor are present. The mechanical factor 
consists not only of the pressure exerted by the gravid uterus but also of 
the active role played by fetal movements, which strike the ureter and 
cause contractions and evacuation of urine. This is a subject that has 
received little study. The dynamic factor reveals itself by the presence 
of hormones in the blood stream and in the urine. This modified blood 
nourishes the excretory apparatus, the function of which is to transport 
the equally modified urine. The usual conditions of function are thus 
doubly changed. It appears that the dynamic action precedes the 
mechanical action. 

This newly established physiologic equilibrium brings with it func- 
tional troubles, of which the pyelitis of pregnancy is the most usual 
expression. Slowing down of the circulation and stasis within the 
excretory passages are peculiarly favorable to infection. And yet this 
pyelitis of pregnancy is by no means as frequent as the new mode of 
functioning of the urogenital structures would lead one to expect. One 
is tempted to believe that the hypertrophy of the muscularis and of the 
mucosa, anatomically observed, represents the development of means of 
defense, counterbalancing by an increased contractility the atonic dilata- 
tion and protecting with a mucous barrier, similarly reenforced, the 
excretory passages threatened with infection. This view is upheld by the 
fact that the course of this essential pyelitis of pregnancy is generally 
benign. In tuberculous conditions this benign course does not prevail. 
Other pathologic conditions of the excretory passages, however, such 
as lithiasis, malformations and calculi, are rather well tolerated. Even 
severe hydronephrosis may fail to give any trouble during pregnancy. 
In cases in which infection assumes a gravidotoxic form, the origin 
of this factor lies outside the excretory tract. When complications do 
arise, the pathologic state of the excretory canal aggravates their results. 
Early diagnosis is therefore of first importance. Roentgenographic and 
urographic study, together with catheterization, give invaluable informa- 
tion in the presence of this condition. 

Rupture . — The seriousness of rupture of the kidney cannot be deter- 
mined on the basis of clinical symptoms alone. Domrich stated that 
his experience with excretory urography is still too limited in such cases 

24. Domrich, H. : Versuchc fiber die Funktion verletzter Nieren, Ztschr. f. 
Urol. 32:78-90 (Feb.) 1938. 
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to give him a complete understanding of the pathologic changes present. 
It is necessary to know what happens to a kidney in the period after 
rupture has taken place and how it reacts to slight and severe trauma. 
Domrich’s experiments tend to show what happens during this period. 
Using rabbits under local anesthesia, he freed the left kidney, trauma- 
tized it with his fingers and injected 20 cc. of skiodan immediately after 
the operation, repeating the injection a few hours later and a few 
days later. 

He obtained the following results. Secretion of the kidney con- 
tinues after trauma as long as the tissue and the renal blood supply are 
still intact. During the period of recovery the secretion of the trauma- 
tized as well as that of the intact kidney is less than that observed 
immediately after the trauma. Excretory urographic examination, 
therefore, can reveal the gravity of the lesion only immediately after the 
rupture. It indicates which side is involved but does not reveal the 
extent or type of the lesion. 


Hematoma . — Coppridge presented a case of spontaneous sub- 
capsular renal hematoma with unruptured capsule. Regardless of the 
fact that ordinary functional studies before operation showed normal 
renal function, the microscopic study of the organ revealed definite 
intercapillary glomerular nephritis. The changes in the vessels of the 
kidney suggest that the hemorrhage was probably the result of these 
changes and the associated high renal vascular pressure. These findings 
support the researches of Hiibner and of Polkey and Vynalek in their 
contention that subcapsular hemorrhages most often are caused by eleva- 
tion of renal vascular pressure. 

Perinephric Cysts . — Henthorne reviewed the literature on peri- 
nephric cysts and collected 20 cases. The clinical data obtained from 
this review were discussed. 

The average age of the patients was approximately 60 years. The 
majority were men. In 11 cases there was a history or evidence of 
obstruction, infection or calculus in the kidney. In 8 cases there were 
other lesions generally presumed to be congenital anomalies. This fact 
alone offers some evidence for the congenital origin of peripehm 
lymphatic cysts, but the fact that such cysts are usually encountere 
in patients of advanced age favors the theory that they are acquired. 

Perinephric cysts were an incidental finding at necropsy in all 
with 1 exception, in which the presence of a small cyst was sugges e 
from urographic evidence. The causes of death in these cases nere 


25. Coppridge, W. M. : Spontaneous Subcapsular Renal Hematoma, J. Urol 
39:733-741 (June) 1938. 

26. Henthorne, J. C.: Peripelvic Lymphatic Cysts of &dne> 

of the Literature on Perinephric Cysts, Am. J. Chn. Path. 8:2B-3S (J 
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entirely unrelated to the peripelvic cysts. In 10 cases the cysts were 
multiple and bilateral ; in 3 cases they were multiple and unilateral ; and 
a single cyst occurred in each of 7 cases. The cysts had thin walls and 
contained a thin, clear albuminous fluid apparently void of any kind of 
pigment. The cysts varied in size from microscopic lymphatic ectasia 
to 5 cm. in diameter and had an average diameter of approximately 
1 cm. Gross and microscopic pictures were presented. Henthorne 
concluded that cortical cysts of the kidney are not related etiologically 
to dilated lymphatic vessels. 

Physiology. — Snapper stated that in addition to the hydrotropic 
action of sodium salicylate, sodium hippurate and sodium mandelate, the 
presence of different colloids in the urine may also contribute to the 
solution of insoluble salts. In particular, chondroitic sulfuric acid and 
nucleic acid may help to keep the insoluble salts in solution. 

However, for calculogenesis the precipitation of colloids is more 
important than the precipitation of salts. In the formation and growth 
of renal stones, flocculation of colloids is the primary process and is 
followed secondarily by incrustation with salts. 

Therefore, it must be possible to prevent the formation of stone by 
preventing precipitation of colloids. Different organic salts can be used 
for stabilizing solutions of colloids. Experiments in vitro show that the 
hippuric acid of the urine must belong to these colloid-stabilizing 
substances. 

Thus the hippuric acid of the urine might : (1) prevent formation of 
nuclei of stones by stabilization of the colloids,- and (2) prevent secon- 
dary incrustation by its hydrotropic action. As a matter of fact, admin- 
istration of sodium benzoate by mouth did: (1) prevent formation of 
stone in rats given a rich diet of calcium carbonate; (2) cause 
phosphaturia in man to disappear, and (3) diminish the attacks of renal 
colic among patients. Other more powerful stabilizers of the colloids 
in the urine (salicylates, mandelates) might be used for this purpose. 

Function. — Habein and Mulrooney stated that preservation and 
maintenance of adequate renal function is one of the most important 
considerations in the management of patients with lesions of the urinary 
tract. Functional disorders of the kidney associated with diseases of 
the urinary tract, which are often called “surgical” diseases of the 
kidney, differ etiologically, pathologically, therapeutically and prog- 
nostically from so-called medical nephritis. Hypertension and arterio- 

27. Snapper, I., in discussion, Kong. d. internat. Gesellsch. f. Urol. 2:254-260, 
1937. 

28. Habein, H. C, and Mulroonej', R. E. : The Relation of Water, Sodium 
Chloride, and Acid-Base Balance to Renal Function in the Treatment of Lesions 
of the Urinarj' Tract, Am. J. Surg. 38:6-17 (Oct.) 1937. 
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sclerosis are not directly related to surgical diseases of the kidney, as is 
so often true in cases of glomerular nephritis. 

Alterations in various components of the plasma may seriously 
affect renal function and retard its improvement. A knowledge of the 
physiologic mechanism of renal function is essential. 

The maintenance of a proper water balance is one of the most 
important factors in complete renal function, and the modern use of 
fluids intravenously is one of the significant advances in medicine. 
That this method of supplying fluids parenterally is sometimes a life- 
saving measure cannot be doubted. There does not seem to be, however, 
a uniformity of opinion at present as to the amount and composition of 
intravenous solutions which should be used for various conditions. 

Edema is not a frequent complication in surgical diseases of the 
kidney, but it may develop as a result of excessive intake of fluids, 
especially saline solution. The use of a 5 per cent solution of dextrose 
intravenously is probably preferable when fluids are to be given paren- 
terally, unless there is a specific indication for other types of fluid. 

The extrarenal causes of renal insufficiency, such as the toxemia 
associated with prolonged vomiting and obstructive lesions in the upper 
part of the gastrointestinal tract, play an important role in postoperative 
complications. Their role in renal insufficiency must be considered. 

Lowering of the protein content of the plasma, when associated 
with malnutrition, anorexia and suppurative drainage, may occasionally 
be one of the factors in the production of edema. 

The acid-base regulation of the plasma is an important considera- 
tion in maintenance or improvement of renal function. One of the 
nonexcretory functions of the kidney is the manufacture of ammonia. 
In the presence of renal insufficiency this mechanism is disturbed, and 
such disturbance results in acidosis. The treatment of acidosis asso- 
ciated with renal insufficiency by the use of intravenous alkalis, sodium 
lactate and lactate-Ringer solution was discussed. 

ADRENAL TUMORS 

Scholl reported a case of tumor of the adrenal cortex. The 
patient was a young woman who came for treatment of high b oo 
pressure, which had been about 200 mm. of mercury (systolic) for 
several months. For three years she had been gradually losing her 
hair, and recently it had become extremely thin. Eighteen s 

prior to examination her menstrual periods had ceased compete), 
after several months of lessened flow. During the last year she la^ 
noticed a gro%\th of hair on her face, which she described at firs a. 

29. Schdl, A. J.: Tumors of the Adrenal Cortex, J. Urol. 39:81-91 (Fehd 
1938. 
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“lanugo” but which at the time she. was first seen was so thick and 
noticeable that it required periodic shaving. She had grown fleshy 
in the chest, the face and the neck. Physical examination showed 
increased adiposity of the face, the chest, the abdomen and the breasts. 
The blood pressure was 208 mm, of mercury systolic and 126 diastolic. 

Cystoscopic examination revealed normal renal function. Pyelo- 
grams showed that each kidney was normally situated. Evidence of 
torsion, ptosis or extrarenal gi'owth was not present. Bilateral explor- 
ation of both adrenal glands was made, and in the region of the left 
adrenal gland a pigmented, smooth, rounded, nonadherent mass about 
4 cm, in diameter was found. This was removed. The opposite adrenal 
gland was small but apparently not abnormal. 

After operation the blood pressure dropped rapidly in spite of 
injections of large amounts of saline solution, extract of adrenal cortex 
and epinephrine. The patient did not survive the operation. 

Necropsy revealed that the remaining adrenal gland was greatly 
atrophied and that the small amount of renal tissue remaining on the 
left side, from which the tumor had been removed, had been destroyed 
by infarction. The pituitary gland and ovaries were not abnormal. 

URETER 

Injury . — Feiner stated that it is likely that during the course of 
pelvic operation a certain number of unilateral ligations of the ureter 
occur, which are not recognized and do not provoke immediate symp- 
toms but the ultimate result of which is that autonephrectomy occurs 
on the corresponding side. This accident may occur during any pelvic 
operation, but it is frequently associated with radical abdominal or 
vaginal hysterectomy and especially with operative procedures for the 
removal of intraligamentous tumors. 

As an index of the seriousness of ureteral injury, the mortality 
figures cited by Bland, of 33.3 per cent for bilateral and 18.8 per cent 
for unilateral injury, may be mentioned. 

The most frequent sequelae of ureteral injury are vaginal and 
abdominal fistulas. If a ligature or clamp has been placed on either 
one or both ureters, if the injury is detected at the time it is inflicted 
and if there is evidence that the vitality of the ureter has been so 
imperiled that a fistula is likely to develop, immediate repair should 
be done in the form of ureteroureteral or ureterovesical anastomosis. 
In the case of bilateral occlusion discovered after operation, with immi- 
nent danger of uremia, immediate deligation is the operation of choice, 
provided that the patient’s condition is such that this hazardous and 

30. Feiner, D. : Operative Injuries of the Ureter, Surg., Gynec. & Obst. 66: 
790-796 (April) 1938. 
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time-consuming operation can be endured. Nephrostomy may be the 
most feasible procedure when intra-abdominal procedures are contra- 
indicated by the gravity of the patient’s condition. If possible this drain- 
age should be bilateral. 

Feiner, in view of his results of 100 per cent mortality with 2 intra- 
abdominal deligations, concluded that nephrostomy with subsequent 
operation for ureteral anastomosis or vesical implantation is a much 
safer and therefore a preferable procedure. 

Tumor . — Rusche and Bacon reported 2 cases of primary ureteral 
tumor, in 1 of which the growth was benign and in the other malignant. 
In each of these cases the tumor was diagnosed preoperatively by means 
of pyeloureterograms. A simplified method of obtaining pyelouretero- 
grams was described, and it was suggested that this is an improvement 
in diagnostic procedure which will enable the only pathognomonic sign 
of ureteral tumor, the filling defect, to be visualized with less difficulty 
than formerly. A review of the literature on primary tumors of the 
ureter was included by these authors. 

Ureteral Transplantafioji . — Farrell and Lyman presented an 
improved technic for ureterointestinal anastomosis. It differs from 
other technics in that after the usual incision in the bowel the submucosa 
is separated from the circular muscle at the lowest portion of the 
incision and is brought out through a small opening in the muscularis. 
A side to side anastomosis is then made between this tab of mucosa 
and the ureter, and a large silk suture is inserted to act as a sawing 
ligature to make the opening. This is done after a second line of 
suture brings the ureter and mucosa together above the first line, with 
the sawing ligature between. The ureter between the bladder and the 
anastomosis is then ligated and divided. (Farrell and Lyman con- 
sidered this important because in the use of the ordinary transfixion 
suture with the ureter still attached to the bladder as in the Higgins 
operation, unless the urine is forced through the anastomotic opening 
immediately the opening tends to close. They said that the stoma 
closes if the ureter remains connected with the bladder for six to eight 
weeks.) The anastomosis is covered by interrupted sutures throng i 
the serosa and the muscularis in the usual manner. 

This operation has the advantages of firmly uniting the bowel an 
the ureter before the stoma is made, thereby avoiding opening either t le 
bowel or the ureter directly into the peritoneal cavity. However, tie 
stoma is made immediately by the sawing ligature technic and is no 


31. Rusche, C., and Bacon, S. K.; Primary Ureteral 
Two Cases and Review of the Literature, J. Urol. 39:319-340 

32. Farrell, J. I., and Lyman, Y.: Aseptic Uretcro-Intcstinal Anas 
Surg., Gynec. & Obst. 66:657-662, (March) 1938. 
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dependent on the sloughing of a transfixion suture, with its tem- 
porary obstruction and its uncertainties. Likewise, the urine is forced 
through the stoma by ligation and division of the ureter distal to the 
opening, which assures its continued patency. 

Studies of necropsies, including roentgenograms of 7 dogs which 
survived six months after this procedure, form the basis of Farrell 
and Lyman’s conclusions. 

The operation of ureterosigmoidostomy for diversion of the urinary 
stream has been accepted as the procedure of choice in cases of 
exstrophy of the bladder, irreparable vesicovaginal fistulas and intract- 
able interstitial and tuberculous cystitis, as well as in selected cases of 
carcinoma of the bladder. 

Nephrostomy, pyelostomy and ureterostomy as permanent creations 
have. distinct disadvantages. With the advent of excretory urography 
it can be shown that the rectum serves adequately as a reservoir for 
urine and that the upper portion of the urinary tract is not damaged 
by transplantation of the ureters to the bowel. Therefore, this pro- 
cedure should be adopted more frequently to permit total cystectomy 
for carcinoma of the bladder. 

A wide variety of methods is available for treatment of tumors of 
the bladder, and the selection of the proper one will depend on the size 
of the tumor, its character (whether infiltrating or papillary), its posi- 
tion in the bladder and its grade of malignancy according to Broders’ 
classification and whether single or multiple tumors are present. 

The results of treatment are discouraging. Of 658 patients reported 
to the carcinoma registry of the American Urological Association, 45.9 
per cent of patients who had tumors of grade 1 were alive after five 
years. Of patients with tumors of grade 2, 25.7 per cent remained 
alive after the same period; of patients with tumors of grade 3, 13.9 
per cent, and of patients with tumors of grade 4, 4.3 per cent. Of this 
entire group, only 15.9 per cent were reported to be without evidence 
of cancer. 

Most of the patients died of urinary obstruction with attendant 
urosepsis and uremia. The incidence of metastasis from carcinoma 
of the bladder is low, but because of encroachment on the ureteral ori- 
fices and secondary infection with pyelonephritis and h)'dronephrosis, 
60 per cent of the patients died from renal causes. 

Although total cystectomy preceded by ureterorectoneostomy has a 
limited application, Higgins recommended it: (1) when the carcinoma 
is situated at the base of the bladder and the ureteral orifices are 

33. Higgins, C. C. : Cystectomy and Transplantation of the Ureters into the 
Bowel for Carcinoma of the Bladder, Surg., Gvnec. & Obst. 66:549-556 (Feb.) 
1938. 
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encroached on or the vesical sphincter is so involved that adequate local 
treatment would exert a destructive action on the ureteral orifice or 
would cause incontinence; (2) when extensive single or multiple infil- 
trating tumors are present; (3) when multiple, recurring tumors 
develop rapidly and cannot be controlled by fulguration, so that they 
eventually fill the bladder, and (4) when radical segmental excision of 
the bladder is not possible and it is believed that sufficient radium can- 
not be implanted for complete destruction of the tumor. Similarly, 
when a cystogram revealed evidence of much more extensive involve- 
ment of the vesical wall than was suspected on the basis of the cysto- 
scopic picture, Higgins recommended the radical operation. 

In addition to these four possibilities, certain other factors must be 
taken into consideration before the radical operation is recommended: 

1. Renal function must be satisfactory, preferably in both kidneys 
but at least in one. In 3 instances Higgins has transplanted the ureter 
from the normal kidney into the bowel, finally performing the cystec- 
tomy after removing the opposite kidney because of infection and com- 
plete loss of function as the result of a vesical tumor obstructing the 
ureter. 


2. The presence of metastasis or evidence of local extension of the 
malignant lesion must be taken into consideration. If at the time of 
transplantation of the ureters clinical evidence of extension of the car- 
cinoma beyond the confines of the bladder is noted, Higgins concluded 
that the radical operation is inadvisable. Palpation of the regional 
lymph nodes and those at the bifurcation of the aorta is a routine 
procedure. 

3. IntraA'^enous urograms should be made to demonstrate that the 
caliber of the ureters is such that their implantation into the bowel iH ^ 
technically possible. 

4. As Quinby has mentioned, demonstration of an actively growing 
carcinoma should be made by microscopic examination (biopsy). 

Preoperative care should be governed by the following rules. 

1. A liquid, nonresidual diet is supplemented by candy, dextrose and 

gelatin. . 

2. One thousand cubic centimeters of a 10 per cent solution o 
dextrose is administered intravenously each day. The dextrose is gnen 
with saline solution if renal function is not impaired, but if function is 
decreased, distilled ivater is substituted for the saline solution. 

3. Magnesium sulfate is administered orally each 

130 cc ) of magnesium sulfate is dissolved in 8 ounces ( cc 
Hr 1 ounce of this mixture being taken every half hour, start.ne at 
7 a. m. None, however, is used on the day prior to the operation. 

4. The bowel is cleansed by a daily enema. 



SCHOLL ET AL.—UROLOGIC SURGERY 


695 


5. Provided there are no other complications, the number of days of 
preparation before operation depends on renal function and on the 
cleanliness of the bowel. When enemas return clear, the bowel is con- 
sidered clean. On the day before the operation an enema is given both 
in the morning and at night. 

6. Three doses of camphorated tincture of opium, each of 2 drachms 
(7.3 cc.)', are prescribed at intervals of two hours, usually from 4 to 
8 p. m. on the day before the operation. 

7. Blood transfusions are used when indicated by the condition of 
the patient and that of the blood. 

8. Complete study of the upper portion of the urinary tract is made 
by tests of function and by intravenous urographic study. 

9. Urinary antiseptics are administered intravenously or orally as 
indicated. 

10. Miscellaneous supportive measures are employed as necessary. 

The Cofifey I (Coffey-Mayo) operation is employed for patients who 

have impaired renal function or in the presence of varying degrees of 
dilatation of the ureters. The operation is done in two stages, followed 
by cystectomy. The Higgins modification of the transfixion suture 
technic is used when the ureters are of normal caliber and when renal 
function is only slightly impaired. The use of indwelling ureteral 
catheters (Coffey II) is unnecessary. 

An exacting postoperative regimen is essential, and the following 
routine has given the most satisfactory results in Higgins’ hands. 

1. The patient is maintained in a supine position for at least eight 
hours if spinal anesthesia is used ; then he is placed in Fowler’s position. 

2. The blood pressure is taken every fifteen minutes until it returns 
to normal. 

3. Fluids are not administered by mouth for forty-eight hours, and 
then small amounts of water are taken orally for twelve hours. During 
the following twelve hours, clear fluids are given (1 ounce hourly), and 
this amount is gradually increased. A diet low in residue is then given 
for five to seven days. 

4. The intake of fluid is maintained at 3,000 cc. daily. For the first 
two days, 2,000 cc. of 10 per cent solution of dextrose is administered 
intravenously and 1,000 cc. of saline solution is infused daily. After 
this period, fluids are given intravenously as indicated by chemical 
studies of the blood and by the amount of fluid taken by mouth. 

5. Narcotics are given as necessary'. 

6. A rectal tube is inserted at the time of operation. This may be 
changed but is replaced and left in the rectum for eight to ten days. 
The rectal tube is irrigated gently at intervals of two to three hours to 
insure patcnc}'. When the transfixion suture technic is employed, gentle 
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traction is made on the rectal tube at the end of twenty-four, thirty-six 
and forty-eight hours until the tube containing the silk sutures is 
expelled. A plain rectal tube is then reinserted for five to seven days. 

7. Chemical studies of the blood, i. e. determinations of the urea con- 
tent and the creatinine content, are made daily until these concentrations 
return to normal. 

8. Ten cubic centimeters of a mixture of methenainine and 
acetylaminosalicylic acid (a proprietary product called salihexin) is 
combined with the solution of dextrose given intravenously as a urinary 
antiseptic for the first three or four days after the operation. 

9. General supportive measures are prescribed as indicated. 

This careful preoperative and postoperative preparation reduces the 

incidence of peritonitis and acute renal infection. Improvements in 
technic have reduced the late complications, particularly obstruction and 
progressive hydronephrosis. 

For 34 patients at the Cleveland Clinic, total cystectomy was preceded 
by ureterorectoneostomy. Insufficient time had elapsed at the time of 
the report to warrant statements as to the percentage of five year cures. 
The immediate results, however, were gratifying, and Higgins expressed 
optimism as to the future of this procedure. 

Pain . — Ockerblad and Carlson stated that the most common area 
in which ureteral pain occurs is in the lower quadrant, on or below a 
line drawn between the anterior superior spines of the ilium, halfway 
between the midline and the spines. On the right it is always inside, 
below McBurney’s point and distinct from it. This point has been 
designated the focal point of ureteral pain. 

Referred pain over the iliac crest has its origin in the upper portion 
of the ureter from the level of 26 to that of 28 cm. Immediate supra- 
pubic pain has its origin in the terminal 1 or 2 cm. of the ureter. Genital 
pain, involving the labia or clitoris in the female and the penis and 
testicles in the male, has its origin most often in the lower third of the 
ureter. 

Pain down the inner aspect of the thigh and leg is most frequent m 
the middle portion of the ureter or in the middle third, occurring from 
the level of 5 to that of 20 cm. 

Renal pain is always in the back, at a point the center of which is t ie 
costovertebral angle, embracing a circular area about 8 to 10 cm. m 
diameter. Occasionally, ureteral pain may be referred to the anterior 
or lateral aspect of the thigh. 

34. Ockerblad, N. F., and Carlson, H. E.: The Distribution of Ureteral Pam. 

J. Urol. 39:745-750 (June) 1938. 
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OVARIAN DYSGERMINOMA 
G. EMORY SEEGAR, M.D. 

BALTIMORE 

The term dysgenninoma was introduced by Meyer to designate a 
rare type of ovarian tumor formerly referred to by a variety of names 
— seminoma, embryoma, sex cell carcinoma and large round cell 
sarcoma. A similar tumor occurring in the testis has been long recog- 
nized. Chenot in 1911 first called attention to the corresponding tumor 
in the ovary, although in this location its occurrence is far more infre- 
quent. Chenot used the name seminoma because he considered the 
tumor to be derived from the aniage of the seminiferous tubules. 
Pick in 1912 described such a tumor as chorioepithelioma ectodennale ; 
he concluded that it is teratoid and is derived from the cells of the 
chorionic villi. Meyer in 1925 made a comprehensive review of all 
the cases reported in the literature to that date and stressed that this 
tumor is the most frequent form found in the gonads of hermaphrodites 
and pseudohermaphrodites. Since the appearance of Meyer’s paper 
many cases have been reported, the majority in the German literature. 
In the present paper 79 cases have been assembled from the literature, 
exclusive of 23 cases described by Meyer in which the patients were 
hermaphrodites or pseudohermaphrodites (table 1). Nineteen cases, 
from the records of the Surgical Pathologic Laboratory are added 
(table 2). 

No conclusions can be formed concerning the incidence of this type 
of tumor on the basis of the 19 cases, the present series, since these 
\Vere not obtained from a routine gynecologic service. Klaften, from his 
studies of a series of 188 malignant ovarian tumors,- estimated the 
incidence at about 3 per cent of all malignant ovarian tumors. Other 
observers have given an even lower frequenc 3 L 

CLTNICAL FEATURES 

There are several clinical features ivhich aid in arriving at a pre- 
operative diagnosis of dysgenninoma. These include the duration of 
symptoms and ‘the age and sexual development of the patient. The 

From the Surgical Pathological Laboratory, Department of Surgery and 
Gynecology, the Johns Hopkins Hospital and University. 
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-1- 

9 

Gross 

25 

Right ovary- 

V 

1 

Hajek 

12 

Right ovary 

0 

0 

Hajek 

17 

Right ovary 

0 

0 

Hammant and 
Oornil 

10% 

Right ovary 

0 

0 

Hoche 

22 

Right der- 
moid; left 
dysgerminoma 


0 

■Reller 

31 

Bilateral 

9 

0 

Klattcn 

20 

Bilateral 

- 

9 


Condition 

Hypoplastic 

uterus 

0 


Normal 


No right 

ovary 

Normal 


Normal 

Normal 

Normal 

Normal 

Normal 

Amenorrhea; 

hj’poplastic 

uterus; no 

right ovary 

Normal 

Normal 

Normal 


Treatment 


No periods; 
undeveloped 
sexually 

Normal 

Normal 


Uterus and 

ovary 

inlantile 


Normal 


Normal 

Normal 


Hypertrophied 

clitoris; infan- 
tile uterus 


Post- 

operative 

Course 

•t 


Excision of 
tumor 

Right salpingo 

oophoreetoray 

1935; resection 

of omentum 1930 

Excision of 

tumor 

Bilateral 

salpingo- 

oophorectomy; 

hysterectomy 

Salpingo- 

oophoreetomy 

Bilateral 

salpingo- 

oophorectomy; 

hysterectomy 

f> 


Ascites; 
recurrence 
at 3 rno. 
Living 
at 1 yr. 


? 

Dead at 
Mi I’l- 


Dead at 
13 days 
Dead at 
2 yr. 


Right salpingo- 
oophorectomy 


Dead at 

1% yr. 
i 


? 


Dead 

Dead 


? 

Died 


Bilateral 
salpingo- 
oophorectomy 
Bilateral f 

salpingo- 
oophorectomy; 
hysterectomy; 
roentgen 
therapy 

Bilateral ? 

salpingo- 

oophorectomy; 

hysterectomy 

left salpingo- ? 

oophorectomy 

Left salpingo- Living at 

oophorectomy; 10 yr 

roentgen 

therapy 

Laparotomy; Living at 

roentgen 1 yr- 

therapy 

? ? 

Hysterectomy: ? 

right salpingo- 
oophoreetomy; 
roentgen 
therapy 

Bilateral *' 

salpingo- -2: mo- 

oophorectomy: 
hysterectomy; 
roentgen 


therapy 
Salpingo- 
oophorectomy 
Bight salplngo- 
oophorectomy 
May 102!'; 
left salpingo- 

oophorectomy 
December lO"!; 
roentgen 

therapy 


•Well at 
7 mo. 
Living at 
S’/t yr. 


Bilateral 

salpingo- 

oophorectomy . 
iiystcrectomr 


Dead at 
2 mo- 


Table 1. — Suiiiuiar^> of Scvcniy-Ninc Cases Recorded in llic Literature — Continued 


Autlior 

Pa- 

tient's 

Age 

Site of 
Involve- 
ment 

Metas- 

tases 

Chil- 

dren 

Condition 

Post- 

operative 

Treatment Course 

Klaften 

2a 

? ' 

+ 


? 

V ? 

Klein 

la 

Right ovary 

0 


Kormal 

? Dead at 

yr. 

Klein 

la 

Left ovary 

0 

0 

Normal 

Bilateral ? 

salpingo- 
oophorectoiuy ; 
hystereetomy 

Klein 

19 

Right ovary; 
left ovary 

2 years later 

; 1 

0 

? 

Right salpingo- Dead 
oophorectomy; 
left salpingo- 
oophorectomy 

Klein 

24 

Right ovary 

0 

0 

Sterility 

Extirpation Living at 


of tumor; Iti yr. 

roentgen 

therapy 


Klein 

22 

Left ovary 

0 2 Periods in 

post- menarche IS yr. 
operatively 

Right salpingo- Living at 
oophorectomy 7 yr. 

Klein 

30 

Bilateral 

0 

1 

Normal 

Bilateral Living at 

salpingo- IM- yr. 

oophorectomy 

Klein 

17 

Left ovary 

0 

0 

Amenorrhea 

4 mo. 

? Living at 

4 mo. 

Laflont and 
Bonafos 

21 

Right ovary 

+ 

Ascites 

1 

Normal 

? Died at 

4 mo. 

Lubarsh 

13 

Bilateral 

-1- 

0 

No periods 

None Dead 

Matsner 

33 

Right ovary 

0 

0 

Hypoplastic 

uterus; 

aplastic ovary; 
no periods 

? Died at 

IS days 

Matsner 

17 

Right 

ovary 

•Ascites 

0 

Irregular 

periods 

Bilateral AVcli at 

salpingo- 1 yr. 

oophorectomy 

Matsner 

25 

Right ovary; 
left ovary 

6 mo. later 

; -f 

0 

Normal 

Right salpingo- ? 
oophorectomy 

1923; left salplngo- 
oophorcctomy 1924; 
hysterectomy 

Masson and 
Desmarest 

14 

Left ovary 

+ 

0 

No periods 

Salpingo- Died at 

oophorectomy 4Shr. 

MenStrier, Pey- 
son, Isch-Wall 
and Lory 

45 

Right ovary 

0 

0 

Clitoris en- 
larged; left 
ovotestis; 
cord for uterus 

Bilateral ’(Veil 

salpingo- 

oophorcctoray 

JIcnetrier, Pey- 
•son, Isch-Wali 
and Lory 

54 

Left testicles 
undescended 

0 

0 

Pscudoher- 

maphroditc 

Excision of Recurrence 

tumor; success- C yr. ago; 
fully treateel well at 

by roentgen 12 yr. 

therapy G yr. 
later 

Meyer 

15 

Bilateral 

0 

0 

Normal 

Bilateral Living at 

salpingo- G yr. 

oophorectomy 

Meyer 

10 

Right ovary 

0 

0 

Hypoplastic 
uterus; normal 
periods after 
operation 

Right salpingo- Living at 
oophorectomy S yr. 

Meyer 

2S 

Left ovary 

0 

0 

Hypoplastic 
uterus; regu- 
lar periods 

Left salpingo- Living at 
oopherectomy 4 yr. 

Meyer 

49 

Left ovary 

Liver 

0 

Never men- 
stniated 

Extirpation Dead at 

of tumor 2 yr. 

Meyer 

IG 

Right overy 

9 

0 

Aplasia of 
ovarj’ and 
uterus: no men- 
strual periods 

Laparotomy ? 

Meyer (Marion) 

30 

Right ovary 

9 

0 

Pseudoher- 

maphroditc 

Extirpation ? 

Meyer 

r^o 

Right ovary 

0 

0 

L<'ft ovotostis 

Exploratorj' ? 

laparotomy 

Neumann 

15 

Right ovary 

9 

9 

9 

9 ? 

Neumann 

22 

Right ovary 

0 

0 

Hvpoplnstie 

iitcnip 

Right paloingo- Living at 
oophorectomy fi mo. 

Neiimniin 

22 

Bilateral 

0 

0 

Normal 

Bilateral • 

calpingo- 

oophorcctomy 

Pick 

0 

Right ovary 


0 

Normal 

0 ? 



Table 1. — Summary of Seventy-Nine Cases Recorded in the Literature — Continued 



Pa- 

Site of 




Post- 


tient’s 

Involve- 

jUetas- 

Chil- 


operative 

Author 

Age 

ment 

tases 

dren 

Condition 

Treatment Course 

Reift'erscheid 

35 

Right ovary 

0 

3 abor- 
tions 

Normal 

7 7 

Rei tiers cheid 

IS 

Right ovary 

0 

0 

Normal 

7 Well 

Reillerscheid 

17 

Bilateral 

0 

0 

Normal 

7 7 



Ascites 




Rcifferselieid 

14 

Left ovary 

-f 

0 

Normal 

Roentgen Well at 

therapy 4 mo. 

Reiffcrscheid 

20 

Right ovary 

0 

0 

Normal 

7 Well at 






2 yr. 

Reillerscheid 

19 

Left ovary 

0 

0 

Normal 

Bilateral Well at 

salpingo- 3 yr. 

oophorectomy 

Rossle 

10 

Bilateral 

-1- 

0 

Normal 

7 7 

Schiller 

13J6 

Bilateral 

0 

0 

Normal 

Bilateral Living at 

salpingo- S yr. 







oophorectomy; 

hysterectomy 

Schiller 

23 

Bilateral 

-f 

0 

Infantile 

genitalia 

Bilateral Living at 

salpingo- 2 mo. 

oophorectomy; 
roentgen 








therapy; 

hysterectomy 

Schiller 

IS 

Right ovary 

0 

0 

Irregular 

Roentgen 7 




periods 

therapy 

Schiller 

18 

j 

0 

0 

? 

7 f 

Schiller 

21 

Bilateral 

0 

2 

Norma] 

Laparotomy; Well 
roentgen 







therapy 

Schiller 

10 

Eight ovary 

0 

1 p.O. 

Normal 

Right salpingo- Wvlng at 
oophorectomy 10 yr. 

Schiller 

14 

Bilateral 

0 

0 

No periods 

Bilateral Wvine 

salpingo- % J’t- 

oophoreetomy; 
hysterectomy; 







roentgen 

therapy 

Schiller 

19 

Right ovary 

0 

1 p.O. 

Normal 

Right salpingo- Living at 
oophorectomy 2 yr- 


Schiller 

Schiller 

Szathmary 


Szathmary 

Szathmary 

Szathmary 

Szathmary 


Tietze 


■Wallis 

Wolfe and 
Kaminester 


Zacharias 


Zimmerman 


Zucker 


47 

65 

2S 


17 


22 


36 


20 


10 

17 

13 

32 

17 


2f) 


? 

7 

? 

7 

Right 

ovary 

Infiltra- 

tion, 

rectum 

Right ovary 0 

Ascites 

Left 
ovary 7 

Infiltra- 

tion, 

omentum 

Eight ovary 0 

Bilateral 

Infiltra- 

tion 

Left ovary 

0 

Left ovary 

0 


Right ovary + 

Liver and 
kidney 

Undeseended 7 
right testis 

Left ovary 0 


+ 


3 

1 

2 


0 

0 


5 

1 


0 

0 

0 

0 

0 

0 


Normal 

Normal 

Normal 


Normal; 
amenorrhea 
3 mo. 
Normal 


? ? 


Bilateral ‘ 

salpingo- 

oophorectomy; 

hysterectomy 

Left salpingo- Well at 

oophorectomy " yo 

E.xploratory ? 

laparotomy 


Normal preg- 
nancy present 

Tuberculosis 


Two periods; 
ceased after 
c.vtirpation 

Normal 


Normal 


Eight salpingo 
oophorectomy 


Well at 
4 mo. 


Bilateral 

salpingo- 

oophorectomy, 

hysterectomy 


Left salpingo- 
oophorectomy 


7 


Living at 
I yr. 


1 


E.vploratory 

laparotomy 


Living at 
4 wk. 
l)if<l at 
4 days 


Leltsalpin^- 

Mlods oophorectomy l.-l 

-- A-t 



Table 2. — Summary of Ninetecu Cases from the Records of the Surgical 
Pathologic Laboratory 


Chil- 


Patient 

-Age 

Involvement 

Metastases dren 

to 

o 

14 

left ovary 

0 ! 

5 p.O. 

15920 

19 

Right ovary 

-h 

Bladdcr 
and rectum 

0 

37014 

20 

left ovary 

4* 

Recurrence 

1 

40452 

13 

Both ovaries 

0 

0 

47822 

39 

Right testis 

4* 

Recurrence 

0 

57044 

12 

Right ovary 

0 

Ascites 

0 

57440 

33 


0 

10 

57544 

18 

Right ovary 

0 

0 


20 

left ovary 

0 

0 

57550 


Right ovary 

0 

0 

57733 

22 

Right ovary 

0 

0 

4GSCS 

30 

Right broad 
ligament 

0 

Recurrence 

0 

32313 

12 

Right broad 
ligament 

0 

0 

577C0 

13 

Right ovary 

0 

0 

579G0 

34 

Right ovary 

0 

1 

5S01S 

22 

? 

0 

0 

5301C 

31 

Both ovaries 

4- 

7 

57578 

14 

left ovary 

4- 

uterus 

0 

sonoo 

25 

Right ovary 

4* 

0 


Pancreas, liver, 
spleen, omen- 
tum, ascites 


Condition 

Treatment 

Post- 

operative 

Course 

Periods irregular 
1 year, otherwise 
normal 

left salpingo- 
oophorcctomy 

Well at 

20 yr. 

Underdeveloped 
infantile uterus 
and left ovary; 
no periods 

Bilateral 

salpingo- 

oophorectomy; 

hysterectomy 

Dead at 

11 mo. 

Normal 

left salpingo- 
oophorectomy; 
roentgen therapy 

Well at 

12 yr. 

Normal 

Bilateral 

salpingo- 

oophoreetomy; 

hysterectomy 

Well at 
Syr. 

Male pseudo- 
hermaphrodite; 
no ovaries; 
testis unde- 
scended; tubes 
and uterus 

Bilateral 
salpingectomy; 
hysterectomy; 
excision of 
tumor; roentgen 
therapy 

Well at 

5 yr. 

? 

Right salpingo- 
oophorectomy 

living at 

4 mo. 

Normal 

Excision of 
tumor; roentgen 
therapy 

living at 

2 yr. 

Normal 

Right salpin go- 
oophorectomy 

Well at 

4 mo. 

Normal 

left salpingo- 
oophorectomy; 
suspension of 
uterus; appen- 
dectomy 

Well at 

T yr. 

Underdeveloped; 

amenorrhea 

6 years; periods 
irregular at first 

Exploratory 

laparotomy 

Died at 

4 days 

Advanced 

tuberculosis 

Autopsy 

Died from 
tubercu- 
losis 

Female pseudo- 
hermaphrodite 
with reversion 

Excision of 
tumor; roentgen 
therapy to 
recurrence 

Died after 

3 yr. from 
lobar pneu- 
monia 

Normal 

Excision of 
tumor; appen- 
dectomy 

Well at 

7% yr. 

Normal; periods 
normal after 
operation 

Right salplngo- 
oophorcctomy 

living at 2 
yr. 10 mo. 

Normal 

7 

7 

Normal 

7 

7 

Normal 

laparotomy 

Died at 

1 mo. 

Dysmenorrhea 

4 mo. 

left salpingo- 
oophorcctomy; 
roentgen therapy 

Dead at 

4 yr. 

Normal 

Right salpingo- 
oophorcctomy 

Died at 

1 mo. 
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occurieiice of a large, solid tumor in the right ovarian region in a girl 
past puberty is suggestive of such a diagnosis. The duration of 
abdominal pain and swelling (which are the leading symptoms) is 
usually about six months. Meyer has laid stress on the occurrence 
of dysgerminoma with pseudohermaphroditism, hypogenitalism and 
other forms of sexual maldevelopment, such as infantilism, amennorhea, 
delayed onset of menstruation and sterility. The absence of such 
abnormalities, however, is of no diagnostic significance. In 50 cases 
collected from the literature the tumor occurred in an otherwise normal 
person. Fifteen of 19 patients in the cases here reported had appar- 
ently normal external genitalia and secondary sexual characteristics. 
One showed infantilism, 2 were pseudohermaphrodites and another 
had amenorrhea. Patients with dysgerminoma are usually under 30 
years of age ; in the majority of cases in this series the tumor occurred 
while the patient was under 20 (table 3). This age distribution does 
not seem to apply in. hermaphrodites and pseudohermaphrodites. Such 
patients are older. Dysgerminoma (seminoma) in the testis is most 
frequent after the age of 30 (Ferguson). 

On palpation of the abdomen a tumor may be felt, which on pelvic 
examination gives the impression of a hard or elastic mass with an 
irregular nodular surface. Roentgenograms of the pelvis occasionally 
prove of value in differentiating such a tumor from a dermoid cyst 
or teratoma containing calcareous material. 

Extensive infiltration of the rectum or the bladder with involvement 
of the retroperitoneal lymph nodes occurs with the more malignant 
tumors ; however, metastasis to other organs is rare. In only 2 cases 
found in the literature was there metastasis elsewhere, in 1 case to 
the kidney'^ and in the other to the liver. Ascites occurs in a small 
number of cases. In case IS of the present series metastases were 
found in the spleen, the pancreas and the kidney. Metastasis to the 


lungs has not been reported. 

Several observers have recently reported the presence of gona o 
tropic substances in the urine of patients with this type of o\anan 
tumor. However, quantitative assay has seldom been reported, an 
when the value has been given it has been under 200 rat units per iter. 
Wallis reported 150 to 200 mouse units per liter. Ferguson 
reported higher values, 400 to 20,000 mouse units per liter, in eas 
of seminoma of the testicle. The small amounts present in t le 
and the rarity of the cases of ovarian dysgerminoma in w uc i t ns 
was performed make such a test of doubtful diagnostic va ue. 
case of Wallis the value was only slightly higher than ° 
times in the urine of castrated persons or in urine obtained dim j. 


menopause. 
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No determinations have been made to indicate that the tumor itself 
secretes an endocrine substance. Assays on tumor tissue were found 
negative for gonadotropic substance by Zondek. He was unable 
to demonstrate any significant hormonal output in the urine of a 
patient with such a condition. In case 17 in the present series an 
Aschheim-Zondek test performed on the urine gave a negative result. 
Such assays should be carried out in all cases of suspected ovarian 
tumor, as only in this way will sufficient data be obtained to determine 
the significance of this test. Other endocrine studies, particularly 
assays of the blood and urine for estrogen, would be of interest because 
of the frequent associations of such tumors with sexual maldevelop- 
ment. In cases in which menstrual disturbances are present, low values 
for estrogen might be disclosed. The results of assays for androgen 
would be of interest also in cases in which the tumor is associated with 
hermaphroditism or pseudohermaphroditism. 


Table 3. — Age Incidence 





Ago 



Total 

Cases 


0to9 

10 to 19 

20 to 29 

30 to 39 

40+ 

Onscs (Surg. path, lab.) 

0 

S 

C 

5 

0 

19 

Oases (literature) 

2 

35 

22 

12 

8 

79 


2.3% 

44.0% 

2S% 

13% 

10% 



PATHOLOGY 

The outstanding gross pathologic features of this tumor are the 
firm or elastic consistency, the nodular surface and the large size (often 
in excess of 2,000 Gm.), suggesting rapid growth (fig. 1). The cut 
surface is granular and glistening, and the more dense stromatogeneous 
areas are widely separated. Microscopically the cells of the tumor 
stand out individually, suggesting the appearance of caviar, especially 
in the frozen section, in which phenomena of fixation play no part. 
The cells are large and discrete ; they are arranged in nests and strands, 
with a moderate amount of clear cytoplasm which takes the eosin stain 
and with large hyperchromatic nuclei. In the better presented cells 
nucleoli are a prominent feature. These features are well emphasized 
in figure 2. A characteristic arrangement in nests and strands is 
produced b}”^ the stroma, which forms a delicate network separating 
each cell and group of cells. With proper staining technic relatively 
large amounts of gl3'cogen may be demonstrated in the C3'toplasm 
(Ddderlein). One of the more constant characteristics of the micro- 
scopic structure of these growths is the l 3 "mphoid infiltration of the 
stroma. The lymphoid nature of these cells, however, has not been 
fully established. Their minute size, the density of the cliromatin in 
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them and the relative absence of cytoplasm suggest extruded polar 
bodies. The appearance of pseudotuberculosis, described by Schiller in 
1936, was not present in the cases recorded in the surgical pathologic 
laboratory. In the present series of 19 cases the histologic picture has 
been uniform, unmixed with that of other types of tumor except in 
case 19. However, in 4 cases among those reviewed in the literature 
there was follicular arrangement resembling that of the granulosa cell 
tumor. Two of these cases were reported by Schiller, 1 by Reiffer- 
scheid and 1 by Babes. In a case reported by Hoche in 1930 the tumor 
was associated with a dermoid cyst, and in a case reported by Hartmann, 
Menetrier and Isch-Wall dysgerminoma of the testis was associated 
with chorioepithelioma. In 3 cases which will be reported from the 
gynecologic service of the Johns Hopkins Hospital, there was a 
combination of dysgerminoma with malignant teratoma. 



Fig. 1 (case 5). — Gross specimen of dysgerminoma occurring in a pseu o 
hermaphrodite. Fallopian tubes, uterus and testes are present but there is^ no 
ovarian tissue outside the tumor. The patient is well five years after operation. 


For photomicrograph see figure 9. 

In case 19 the bulk of the tumor was composed of primitive %ascular 
tissue containing large cells, sometimes of epithelial appearance, t'lH 
occasional giant cell formation and in other places containing spin e 
cells, such as those found in mesothelioma of the pleura (figs- 
3B). Whether this tumor should be regarded as an 
dysgerminoma associated with chorioepithelioma, as reported b} 
mann, Menetrier and Isch-Wall in a case of testicular tumor, or ^ 
a combination of dysgerminoma with a malignant tumor arising 
undifferentiated elements of the ovarian stroma is not certain. 

Malignant tumors of the retroperitoneal spaces, 
cells suggesting those seen in dysgerminoma but with greater v. 
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in size and in staining reaction of both nucleus and cytoplasm, have 
been described. These tumors ma}^ also contain lymphoid stroma. It 
has been suggested by Schiller that such a tumor may be an ectopic 
dysgerminoma. However, such possible malignant variants cannot be 
properly classified with any degree of assurance, and they have been 
excluded from the present series. 



Fig. 2 (case 2). — Photomicrograph of a typical dysgerminoma, showing the 
caviar-like cells and lymphoid stroma. The tumor tissue is divided into nests or 
islands bj' delicate strands of connective tissue. 


Uncertainty in regard to classification also applies to so-called senile 
dysgerminoma. This term has been applied to solid ovarian tumors 
containing cells resembling those found in typical dysgerminoma but 
without lymphoid stroma and occurring in elderly patients. Their 
atypical microscopic appearance and their occurrence in patients of 
advanced age have been attributed to slow and a.symptomatic growth 
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over many years, which allows the tumor to remain latent and undiag- 
nosed. Such an interpretation seems paradoxic, however, in view of 
the malignant clinical behavior of some of the tumors thus classified. 
Attempts to enlarge the dysgerminoma group by inclusion of histo- 


S':*-— '§> '■ ’ 1- ■ 




•• 






-X' .. ' ■*' 
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Fig. 3/i (case 19).— Photomicrograph of a complex dysgerminoma, showing 
the histologic character of typical dysgerminoma. 

logically atypical tumors can only lead to confusion, and in the pr 
study all such histologic variants have been carefully excluded. 

PROGNOSIS AND TREATMENT 

The prognosis in cases of dysgerminoma is much 
hand 1^'Ieyer said the tumor is relatively benign, and o 
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Klaften reported it as an "exquisite malignancy.” This difference of 
opinion is partly due to the small series of cases reported by individual 
observers and the still smaller series of cases followed and partly due 
to the impossibility of differentiating the benign from the malignant 



Fig. 3 B . — Photomicrograph showing the ihstologic diaracter of another area 
of the tumor shown in figure 3 A, in whidi a mixture of large spindle cells and 
malignant epithelial cells suggests sarcoma of undifferentiated ovarian stroma or 
possibly chorionic tissue. 

forms microscopically, a difficulty which is found frequently with all 
types of ovarian tumor. Fauvet, however, claimed to be able to give 
a correct prognosis on the basis of three criteria; fl) tumors found 
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at operation to be infiltrative and not discrete or associated with 
lymphatic metastasis are malignant; (2) the malignant tumor histo- 
logically shows extreme cellularity and paucity of connective tissue, and 
(3) the urine of patients with malignant dysgerminoma will give a 
positive reaction for gonadotropic substance. 

Fauvet’s first criterion is the most reliable, for in 17 cases of 
metastatic tumor reviewed in the literature in which the course of 
the process was adequately followed, 10 patients died, 6 were living 
after less than five 3^ears and only 1 was living after more than five 
years. In 4 of 7 cases of tumor with metastasis to the lymph nodes 
racorded in the surgical pathologic laboratory the growth was noted 
at operation to be infiltrative and the patient died. The patient in 1 of 
these cases (case 18) died in spite of roentgen therapy. In the other 
3 cases there were recurrences in the lymph nodes after operation. In 1 

Table 4. — Lac/c of Correlation Bctivccn Clinical Results and Degree of Malignancy 
as Determined by Number of •Mitoses 


Case Number of Mitoses in 

No. iO High Poivor Fields Resuits 


17 

18 
5 

12 

2 

15 

11 

14 

1 

4 

10 

19 

3 

13 


11 Died 1 month after operation 

17 Died 4 years after operation 

19 Well 5 years after operation 

23 Died 3 years after operation, from lobar pneumonia 

37 Died 11 months after operation 

41 Not traced 

41 Died from tuberculosis 

41 Well 2 years and 10 months after operation 

40 Well 20 years after operation 

40 Well S years after operation 

4S Died 4 days after operation 

49 Died 1 month after operation 

,50 Well 12 years after operation 

71 Well 7% years after operation 


of these complete cure followed postoperative roentgen therapy, and 
at the time of writing the patient has remained well for twelve years. 
In another the growth was arrested by implantation of radon ; the 
patient was living and apparently well five years later. In the third 
case the condition responded to roentgen therapy; the patient liie 
three years, finally succumbing to lobar pneumonia. 

In my experience, the degree of microscopic differentiation caimot 
be relied on in distinguishing a benign from a malignant tumor, jc 
appearance of gonadotropic substance in the urine is likewise uiweha e 
guide to prognosis, because of the scarcity of such determinations 


as a 


reported to date. . . , 

In 14 cases in the present series an attempt was made to distingu . 
benign from malignant dysgerminoma by counting the num er^o^ 
mitotic figures in forty successive high power fields 
results of these counts show that there is no correlation be 
frequency of mitotic figures in the sections and the degree o 
' of the tumor as shown by follow-up reports (figs. 4 an }■ 


nancy 
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Of the cases in which there were adequate follow-up data, the 
patients in approximately 50 per cent have remained well beyond five 
years. Of 17 cases in which death was reported in the literature, in 
5 it was postoperative and in 12 apparently from the effects of the 
tumor. Of 33 patients reported in the literature as living, only 10 
were followed beyond five years. Of 19 patients studied by me 6 were 
living after five years, 4 were living under five years and 4 were dead . 
from metastasis. Of the 4 remaining patients, 2 died from causes other 
than tumor, and 2 have not been traced (table 5). 

The treatment of choice for dysgerminoma is excision of the tumor, 
the uterus and the opposite ovary being left intact. The preservation 
of the child-bearing function is desirable for the patients, who are 
usually young adults. For patients showing hermaphroditism or sexual 
underdevelopment the possibilty of future pregnancy is usually a con- 
sideration of no importance. For patients showing recurrence of 
the tumor in the regional lymph nodes after a primary excision, irradi- 
ation or a second excision is indicated. 


Table 5. — Mortality 




Dead 



Alive 



Post- 

Deaths 

Deaths. 

Under 

Over 

' 


operative 

from 

from Other 

Five 

Five 

Not 


Deaths 

Tumor 

Causes 

Tears 

Years 

Traced 

Cases (Surg. path. lab.)... . 

1 

4 

2 

4 

6 

2 

Cases Oiterature) 

. . . . 5 

12 

9 

23 

10 

29 


In the advocacy of conservative surgical treatment for dysgerminoma 
the possibility of recurrence of the tumor in the opposite ovary must 
be considered. Only 2 cases of such involvement have been recorded 
in the literature. On the other hand, in 6 cases in which the affected 
ovary only was removed (5 reported by other authors and 1 in my own 
series) the patient subsequently gave birth to a healthy child. This 
would seem to warrant the slight risk of recurrence in the opposite 
oval*)' which is assumed when conservative excision is practiced. 

Dysgerminoma of the ovai'y ranks with myeloid and lymphoid 
tumors in its radiosensitivity. Several authors, Gilliard (1 case) and 
Menetrier, Peyron and others (2 cases), have reported the rapid dis- 
appearance of large metastatic masses after external irradiation. It is 
interesting to note that both surgical and roentgen treatment are far 
more successful in cases of dysgerminoma of the ovar)* than in cases 
of testicular tumor of an identical histologic composition. 

In cases in which complete removal of the tumor cannot be accom- 
plished. irradiation is the only effective method of treatment. Irradi- 
ation for recurrences in the lymph nodes resulted in ultimate cure in 
3 cases in the present series. In 1 of these (case 3) there was a 
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recurrence in the retroperitoneal nodes one and one-half years after the 
primary operation. The patient received repeated courses of high 
voltage roentgen therapy during five years and at the time of writing 
has remained well for twelve years after the operation. In the second 



photomicrograph showing the ”’^,',^5 


Fig. 4 (case 1).— High power photomicrograpn snuw.ng Tin's 

nant histologic composition of the tumor, with ^ operation. Com- 

patient with dysgerminoma remained well twenty years after the opera 


pare with figure 5. 


case (case 5) the condition was treated by implantation of 2'*” ^ 
1 a recnrLt tnmor mass in the right lumbar re^on^ 
has remained well more than five years. In a third 
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the patient’s condition was much improved after high voltage roentgen 
therapy. She was apparently free of tumor three years later, at which 
time death occurred from pneumonia. 


HISTOGENESIS 

The histogenesis of dysgerminoma of the ovary is not 3^et estab- 
lished. The most widely accepted theory at present is that of Meyer, 



Fig. S (case 2). — High power photomicrograph of an ovarian cly.sgcrminoma 
similar in histologic composition to that in case 2 (fig. 4). This tumor infiltrated 
the bladder and the retroperitoneal lymph nodes. The patient died eleven months 
after the operation. 

wlto concluded tliat the tumor cells are derived from indiflerent germ 
cells of the genital ridge. He stated the belief that such an origin 
from indifferent germ cells which retain the power to produce both the 
male and the female gonads accounted for the common occurrence of 
such tumors in hermaphrodites. It would also account for the occur- 
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rence of dysgerminoma tissue in cases of teratoma of the ovary and 
chorioepithdioma of the testis, reported in the literature. Meyer stated 
that the occurrence of dysgerminoma in otherwise normal women is 
against the view of Chenot, who concluded that the tumor is derived 
from the cells of the testicular anlage in the woman. However, since 
each female gonad passes through a stage corresponding to that of the 
male, thus making every female temporarily a potential hermaphrodite, it 
is impossible to say that somewhere in the OA'aries of apparently normal 
women there is not a small focus of male anlage remaining, which gives 
origin to dysgerminoma. Moreover, the fact that the, tumor is about 
three times as common in the testis as in the ovary seems to favor such 
an origin. 

One observation bearing on the histogenesis of dysgerminoma is 
its predilection for the right ovary,- In 48 per cent, or 35, of the cases 
reviewed the tumor occurred in the right ovary, while in 26 per cent, 
or 18, the condition was bilateral. Only 26 per cent of the tumors arose 
from the left ovary. Of these, 2 occurred in patients. who had no right 
gonad (table 6). This is significant when rdewed embryologically, for 


Table 6. — Location of Tumor 


locntion 


Gases (Sure. path. )ab.). 
Oases (literature) 


Eight Ovary 
11 

35 (4S%) 


Left Ovary 
4 

19 (20%) 



the right ovary develops more slowly and to a lesser degree than does 
the left ovary. Also, from the standpoint of comparative anatomy it 
is known that in birds the right ovary remains undeveloped throughout 
life. Thus, if undifferentiated tissue remains behind, the probabilit) 
of its occurrence in the right ovary is greater than in the left, and if the 
tumor is derived from such embryonic tissue, which seems to be the 
case, it is not surprising that it occurs more frequently in the right 
ovary. The following cases are from the records of the laboratori o 
surgical pathology. 

REPORT OF CASES 

Case 1 (Dr. J. King B. E. Seegar, Baltimore).— L. S., a girl aged K ica5 
admitted to the hospital because of violent pain in the left side ^ strtial 

accompanied with nausea and vomiting of one day’s duration. ’e 
periods had begun at the age of 13 and were still irreplar. e 
occurred two months previous to the onset of the present illness. ^^.ss. 

the abdomen showed rigidity in the lower left quadrant, with mar -e 
Pelvic examination showed normal external genitalia. The uterus was . 

(as pressed tackrvard. To Ike l.f, .here was a large ”“”S 

the lower part of the abdomen, anterior to the uterus. A cm ration 

osarian cys, wM t.^.ed ^ 


was po 


rformed immediately. The tumor involved the left ovary 
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pedicle. It was completely free, with no points of adhesion. The tumor and the 
left tube and ovary were removed. The other pelvic organs were normal. On 
gross examination the tumor was seen to be the size of a child’s head. It was 
solid and grayish and had an elastic feel. The impr.ession from the gross specimen 
was that the tumor was a sarcoma. The microscopic picture was typical of 
dysgerminoma. A follow-up report in November 1936, twenty years after the 
operation, stated that the patient is well and has five children. 

Case 2 (Dr. J. King B. E. Seegar, Baltimore). — E. S., a woman aged 
19, entered the hospital with the complaint that she had never menstruated. There 
had been frequent voiding of urine and nocturia of increasing severity during the 
past year. Physical examination revealed a poorly nourished woman with a 
hard, nodular mass palpable in the abdomen, filling both lower quadrants and 
reaching to the renal area on the right. The pelvic examination showed normal 
external genitalia and a hard nodular mass filling the entire cul-de-sac, pushing 
the small uterus far to the right. The rectal examination showed enlarged retro- 
peritoneal glands. At operation the mass, which arose from the right ovary, 
completely filled the pelvis and infiltrated the bladder. The iliac and retroperitoneal 
glands were involved. There were a large tumor about the right kidney and 
questionable infiltration of the rectum. The uterus was infantile, and the left 
ovary was only 1 cm. in diameter. The large tumor was extirpated; bilateral 
salpingo-oophorectomy and hysterectomy were performed. Grossly the tumor mass 
was seen to be about 15 cm. in diameter and was firm. On section the tissue 
was coarsely granular, with widely separated fibrous septums. The microscopic 
diagnosis at the time was carcinoma of the ovary. Reclassification of the tumor 
showed it to be a dysgerminoma (fig. 6). The patient died eleven months after 
the operation. 

Case 3 (Dr. Joseph C. Bloodgood, Baltimore). — S. E., a white woman aged 26, 
married, had one child aged 1 year. The menstrual history was normal. She 
complained of vague abdominal distress, and on physical examination a large, 
firm tumor in the lower part of the abdomen was found, which apparently arose 
from the left ovary. At operation a large, freely movable tumor of the left ovary 
was removed; the right ovary was normal. The diagnosis was large round cell 
sarcoma, and the patient was given roentgen treatments in November 1923 and 
in January 1924. On reclassification this tumor was found to be a dysgerminoma 
(^fig. 7). In May 1925 there was a recurrence. A second laparotom}’' revealed 
involvement of the retroperitoneal glands by tumor tissue microscopically similar 
to that found at the time of the first operation. Thereafter the patient received 
irradiation treatments every six months until 1930. In June 1930 the mass had 
completelj' disappeared, and the patient was asymptomatic. The patient was 
reported well in June 1935, twelve years after the date of the first operation. 

Although at operation this tumor was apparently benign, as judged 63- com- 
plete mobilit3' and absence of infiltration, there was widespread recurrence. The 
response of the recurring tumor to irradiation suggests that frankly malignant 
tumors, such as that in case 2, should also respond to such therapx’. 

Case 4 (Dr. J. Wainwright, Scranton, Pa.). — M. S., a girl aged 13, complained 
of pain in the lower part of the abdomen one week prior to admission. The men- 
strual periods had begun at the age of 12 and had been regular. On ph3'sical exami- 
nation a large tumor was found in the lower part of the abdomen, and an 
cxplorator\' laparotomy revealed bilateral ovarian tumor. Bilateral salpingo- 
oophorectomy and hysterectomy were performed. On gross examination the 
tumors were seen to be firm, solid and whitish and to have irregular surfaces. 
The microscopic diagnosis was bilateral d3-.sgerminoma (fig. 8). The patient was 
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20 years of age when last heard from, Dec. 29, 1936, seven years and ten months 
after the operation. She was in excellent health, and there was no evidence of 
metastasis. 

Case S (Dr, V. Norwood, Baltimore). — B. P., a man aged 39, a pseudoher- 
maphrodite, complained of nausea, vomiting and pain in the right lower quadrant 



nosed as carcinoma. 


of the abdomen. Physical examination showed a well hair, a 

cm.) tall, broad shouldered, with a heavj' voice, fema e scrotum, 

small penis, an undescended testicle and a hernia m the f ,.ife had 

The patient was married ; his marital relations were no ’ -jj, g jumor 

never become pregnant. An operation revealed undescended ^ The 

of the right testicle, fallopian tubes and a uterus but no o^anan 
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tumor, both testicles, the tubes and the uterus were removed. The patient left 
the hospital in good condition but never regained his health completely. He 
returned to the hospital six months later with identical complaints. Physical exami- 
nation at this time revealed a firm, freely movable, tender mass in the right renal 
region. After cystoscopic examination a right posterior lumbar incision was made, 
and the kidne}" was exposed ; it was found to be embedded in a large mass of tumor 
tissue, and radon seeds were implanted. Seven emanation seeds containing 3 milli- 



Fig. 7 (case 3). — Photomicrograph of a dysgerminoma which occurred in a 
unipara aged 26. 


curies each were implanted, making a total dose of 2,771 milligram hours. Two 
months later this dose was repeated. The microscopic diagnosis was dysgenninoma 
(fig. 9). Five years after the original operation (Feb. 22, 1937) the patient was 
well, weighing 230 pounds (104 Kg.) and doing manual labor. This case illus- 
trates the more advanced age at which the tumors occur in men and in pseudo- 
hermaphrodites. This is the second case with widespread recurrence in the lymph 
nodes in which the condition responded to irradiation. 
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Case 6 (Dr. V. Norwood, Baltimore).—?. P., a woman aged 26, married, com- 
plained of dizziness, nausea and a heavy feeling in the head for three weeks. The 
menstrual periods began at the age of 14; they were regular, of three days’ 
duration and accompanied by profuse bleeding and by dysmenorrhea. There was 
no record as to whether the patient had ever been pregnant. Physical exami- 
nation revealed a well developed, well nourished woman. Routine pelvic exami- 
nation showed a small tumor of the left ovary. At a second e.xamination, six 
months later, it was noted that the tumor had increased threefold, and operation 



Fig. 8 (case 4). — Photomicrograph of a dysgerminoma which occurred 


girl aged 13. The lesion was bilateral. 


was advised. At operation a large, freely movable mass was foun 

region of the left ovary, and a mass the size of an orange was o 

left tube. The right ovary was normal. A evidence 

on the left side, and the patient was well six years later dys- 

of recurrence. Microscopic examination of the tumor showe 

o-erminoma. It is of interest to note that this tumor was practicaii. . 
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Case 9 (Dr. E. D. Funk, Reading, Pa.). — L. B., a woman aged 18, began to 
menstruate at the age of 12. The periods were regular; there was a moderate 
amount of dysmenorrhea. She had noticed a painless progressive swelling of the 
abdomen for the past six months. A constant, sticking pain in the right side had 
been present for one week. Physical examination showed a distended abdomen 
and a mass extending from the pelvis to the umbilicus. The mass was hard, 
nodular, slightly movable and dull to percussion ; no evidence of fluid was observed. 
There was also some tenderness in the right flank. The external genitalia were 



Fig. 10 (case S). — Photomicrograph of an ovarian tumor which occurred m 


girl aged 12. 


normal. An exploratory laparotomy revealed a tumor of the right ovarj, me 
ing 4 by 13 by 11.5 cm. and weighing 2,010 Gm. A salpingo-oophorcctonij 
right side was performed. The gross specimen was smooth, bosselatc an 
white. The cut surface was smooth, firm and grayish. There were ^ 
hemorrhagic areas. The microscopic diagnosis was dysgerminoma o i 
ovar}^ Four months after the operation the patient was reported we 


evidence of recurrence (January 1937). married. 

CASE 10 (Dr. G. W. Ramsay, Washington, Pa.). -A , ;_ular; 

began to menstruate at the age of 14. The menses were scan j 
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six j'ears before the present illness they ceased entirely. There were no preg- 
nancies. For two years the patient had complained of a painless enlargement of 
the abdomen, which had become more marked two months prior to hospitalization. 
This was accompanied by pain in the sides and in the back. Examination revealed 
small but well formed breasts. The external genitalia were normal. An opera- 
tion was performed, and a well encapsulated tumor of the right ovary was 
removed. The patient died four days after the operation. On gross examination 
the tumor was irregular and coarsely nodular. It measured IS by IS by 8 cm. 



Fig. 11 (case 10). — High power photomicrograph showing the character of 
the individual dysgerminoma cells. There are frequent mitotic figures. Tlie 
patient died four days after the operation. 


and weighed l.oOO Gm. TIic cut surface was grayish white and finely granular, 
with some areas of necrosis. The microscopic diagnosis was dysgcnninonia 
(fig. 11). ^ ■ ' 

Ca.sf, 11 (Dr. H. C. Lennon. Pliiladelphia). — H. D., a white woman aged 
22, was first seen because of active pulmonary tuberculo.sis. The menstrual periofls 
had begun at the age of 14 and bad always been regular. She was unmarried 
and bad had no pregnancies. 
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Soon after coming under observation the patient died of advanced pulmonary 
tuberculosis. At autopsy the right ovary was found to be symmetrically enlarged, 
measuring 4.5 cm. in diameter. On section a firm, homogeneous, pale encapsu- 
lated mass measuring 3.5 cm. in diameter was found embedded in the central por- 
tion of the ovary. On microscopic section this nodule showed the typical picture 
of dysgerminoma (fig. 12). 

Clinically the case is interesting in view of the absence of symptoms and the 
association with tuberculosis. There are cases reported in the literature in which 



Fig. 12 (case 11).— The photomicrograph of this tumor shows a striking 
similarity to the medullary cords seen in the developing gonad. 


this type of tumor was associated with tuberculosis, and Schiller laid great emp 
on this fact and on the occurrence of giant cells in the tumor. _ 

The small size of the tumor indicates an early lesion. Its 
of the ovary suggests origin from an embryonal rest, either from t e 
cords or from the indifferent germinal cells of the ovary. 

Case 12 (Dr. E. L. Armstrong, Erie, Pa.).— M. C, a ^.1,, tender- 

admitted to the hospital because of nausea and vomiting a^socia e 
ness in the lower left quadrant of the abdomen. These symptoms 
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year previously, when the patient fell and injured her left side, and had been 
gradually increasing in severit}'. There were loss of weight, anorexia and lassitude. 

The patient was found to be a pseudohermaphrodite. There was a heavy beard, 
requiring daily shaving, and a heavy growth of hair covered the extremities. The 
voice was deep. The skeletal and muscular development was masculine, and the 
breasts were flat. Examination of the genitalia revealed excessive pubic hair 
with feminine distribution, a hypertrophied clitoris and perineal hypospadias with 
the posterior commissure intact. There was no evidence of labial testes. There 
was a rudimentary vagina, which admitted one finger, and a small cervix was 
observed, flush with the vaginal mucosa. On rectal examination a firm mass could 
be felt occupying the left adnexal region and extending into the abdomen. 

At operation a spherical tumor 4 cm. in diameter was found lying in the left 
broad ligament, adherent to the sigmoid flexure of the colon and to the rectum. 
The tumor was shelled, out easily by blunt dissection ; there was no pedicle and 
no attachment to the ovaries, both of which were present. The uterus was infantile. 
The microscopic diagnosis was dysgerminoma (fig. 13). 

The patient was discharged in good condition. However, she was readmitted 
four months later, with a recurrence of the nausea, vomiting and abdominal dis- 
comfort. Examination at this time revealed a small, firm mass in the left lower 
quadrant of the abdomen, suggesting a recurrence of the tumor. It was also 
noted at this examination that she had lost the male secondary sexual character- 
istics to a great extent. As the patient refused to undergo a second operation she 
was given roentgen therapy. The result was regression of the abdominal mass and 
complete alleviation of the symptoms. 

Three years later she was admitted to the hospital again, this time with lobar 
pneumonia of the right lung which proved fatal in six days. On this admission 
it was stated that she had been well during the three year interval, and on physical 
examination the female sexual characteristics predominated. There was no evidence 
of a recurrence of the abdominal growth. 

In this case there was regression of the male sexual characteristics in a pseudo- 
hermaphrodite following extirpation of a dysgerminoma. Such an occurrence has 
never been reported in the literature to my knowledge, and in view of my con- 
ception of the dysgerminoma as a nonsecretory tumor, it would seem that the 
phenomena in this case were due to' coincidence rather than an effect of the tumor. 

Here again there was apparently a remarkable response of the recurring tumor 
to roentgen therapy. 

Case 13 (Dr. J. J. Shank, Waynesboro, Pa.). — O. S., a girl aged 12, entered 
the hospital complaining of progressive enlargement of the abdomen. On phj'sical 
examination a large mass was palpable, filling the entire right lower quadrant of 
the abdomen and extending into the right upper quadrant. A tentative diagnosis 
of renal tumor was made preopcratively. At operation a large pedunculated tumor 
was found arising in the right broad ligament. It completely filled the pelvis, and 
the upper pole was free in the abdominal cavity. There were extensive adhesions 
to the peritoneum, the colon, the omentum and the small intestine. The tumor 
and the appendix were removed. 

The tumor weighed 1,293 Gm. and was surrounded by a dense fibrous 
capsule. Microscopically the tumor showed the cliaracteristics of a dysgerminoma. 

The patient was discharged in good condition, and when last heard from, 
seven and one-half years after the operation, she was in c.xcellent health, with 
no evidence of recurrence or metastases. 

Case 14 (Dr. Herman H. Van Horn, Harrisburg, Pa.). — M. S., a girl aged 13, 
entered the hospital complaining of pain in the right lower quadrant of the abdomen 
and also of nausea and vomiting of three days’ duration. She had had recurrent 




Fig. 13 (case 12). — Photomicrograph of a dysgerminoma which occurred in * 
female pseudohermaphrodite. 


scopic examination revealed a d 3 'Sgerminoma. The patient was reporte 
no evidence of recurrence or metastasis two 5 ’ears and ten months a ter e 
tion. The menstrual periods were normal. , 

Case IS (Dr. Helen Ingleby, Philadelphia).— A woman 
increasing abdominal enlargement during a period of six months. j^jivcr)- 

history -was entirely normal. She had had one to have 

fourteen j^ears prior to the present illness. At operation she was . ^lar 
a tumor of the right ovarj-, measuring 20 by 16 by 9 cm., with an 
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nodular surface. On section it was found to be solid throughout; the cut surface 
was pale and firm and was divided by dense fibrous septums. ^Microscopic e.xami- 
nation showed typical dysgerminoma. 

Case 16 (Dr. Phillip Jaisohn, Media, Pa.). — R. N., a white woman aged 22, 
was admitted to the hospital complaining of pain in the lower part of the abdomen, 
present for one week and of an abdominal mass which she had first noticed six 
months previously. At operation a tumor was found arising from the left ovary. 
This tumor was encapsulated. . It measured 13 by 9 by 5 cm. The smooth, white 
glistening surface was continuous with the serosa of the ovary, which was located 
on the anterior superior aspect of the tumor mass. The ovary was somewhat 
enlarged and contained a serous cyst. The cut surface of the tumor showed it 
to be compact, with dense areas of stroma. On microscopic examination the tumor 
proved to be a dysgerminoma. 

Case 17 (Dr. Oliver Lohr, New York ). — A white woman aged 31 came to 
the hospital complaining of a hard mass in the abdomen. No accurate menstrual 
or obstetric history was available. Pnysical examination revealed a well developed 
normal woman with no evidence of pseudohermaphroditism. On abdominal e.xami- 
nation multiple hard, nodular masses could be felt in both lower quadrants of. 
the abdomen. On pelvic examination the uterus was found to be irregularly 
enlarged, and firm, nodular masses were palpated in both adne.xal regions. The 
Aschheim-Zondek test gave a negative reaction. 

At operation tumors were found replacing both ovaries and involving the retro- 
peritoneal glands. The uterus was also invaded by the tumor tissue and con- 
tained, in addition, a small fibroid. The patient survived the operation but died 
within the month. Autopsy confirmed the operative findings 

The pathologic diagnosis was bilateral dysgerminoma of the ovaries with 
invasion of the pelvis and uterus. 

Case 18 (Dr. F. P. McNamara, Dubuque, Iowa). — A girl aged 14 consulted a 
physician because of abdominal swelling and cramplike pain in the region of the 
umbilicus. The menses had been regular and normal. Four months prior to 
the onset of the present illness she had begun to have severe dysmenorrhea, neces- 
sitating two days’ rest in bed during each period. There had been loss of weight. 

Physical examination revealed a normally developed girl with an abdominal 
mass arising in the pelvis and reaching 3 fingerbreadths above the umbilicus ; it 
was approximately 20 cm. in diameter, nodular, hard and slightly movable. Rectal 
examination showed this mass to arise apparenth' from the left ovary. It com- 
pletely filled the pelvis. Neither the liver nor the spleen was palpable. A tentative 
diagnosis of ovarian tumor was made. 

At operation a large, solid nodular tumor of the left ovary was found. The 
right ovary was cystic, and the spleen, the pancreas and the left kidney were 
enlarged and nodular. The ovarian mass only was removed. The pathologic 
diagnosis was dysgerminoma of the left ovary with generalized visceral metastases. 

The immediate postoperative cour.se was uneventful. The patient was ne.xt 
seen two years later; there were nodular masses throughout the abdomen. She 
was extremely cachectic. Roentgen therapy was instituted, and the tumor masses 
promptly receded. She gained weight, lost her haggard appearance and for a 
year and a half seemed almost like a normal girl of 16. The neoplasm then 
reappeared, and this time it did not respond to roentgen therapy. She failed 
rapidly and died four years after the onset of the first .symptoms. 

Case 19 (Dr. Vernon Norwood. Baltimore). — A woman aged 28 was admitted 
to the hospit.al after an attack of pain in the lower part of the alxlomen and 
nausea of twenty-four hours’ duration. The menstrual periods had been regular. 
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Examination revealed a protuberant abdomen with a firm mass on the right side, 
extending from the pelvis to the umbilicus. The clinical impression was right 
ovarian cyst with torsion of the pedicle. Laparotomy was performed. A tumor 
the size of a man’s head was found in the region of the right ovary. The peri- 
toneal cavity was studded with metastases, and a secondary growth the size of 
an adult fist was found in the omentum. The ovarian tumor only was removed. 
Ascites developed after the operation, and the patient died one month after removal 
of the ovarian tumor. A description of the pathologic specimen is not available. 

The sections of the tumor were unusual (fig. 3). They showed typical dysger- 
minoma tissue associated with a vascular malignant growth containing many 
large spindle cells and epithelial cells, suggesting chorionic tissue. A few giant 
cells were scattered through this vascular tissue. The microscopic diagnosis was 
dysgerminoma associated with atypical chorionic tissue or sarcoma of the ovarian 
stroma. 

SUMMARY 


The data on 79 cases of dysgerminoma reviewed in the literature 
are summarized, together with those on a series of 19 cases recorded in 
the laboratory of surgical pathology. Dj^sgerminoma is a relatively 
rare tumor, the incidence being under 3 per cent of all malignant ovarian 
neoplasms. It occurs in young persons, usually in those under 30 
years of age, 48 per cent' of the growths being in the right ovary and 
26 per cent bilateral. Occasionally the tumor is associated with sexual 
underdevelopment or maldevelopment. Rapid growth of the neo- 
plasm results in an abdominal mass which on pelvic examination is 
found to be an elastic, nodular tumor arising from the adnexal region; 
in the benign form it is well circumscribed and freely movable; in the 
more malignant types, infiltrative, with extensive metastatic involve- 
ment of the retroperitoneal glands, the peritoneum, the omentum, the 
bladder and the rectum. Metastases to distant organs are extremely 
rare, and metastasis to the lungs has not been reported. Microscopically, 
dysgei-minoma is characterized by large, discrete germinal cells of a 
caviar-like appearance and by abundant lymphoid stroma. Dysgermi- 
noma may be associated with other forms of ovarian tumor, such as 
teratoma or chorioepithelioma. I have found it impossible to di or 
entiate the benign and the malignant form histologically. However, 
from the history and the findings at operation it is sometimes possne 
to prognosticate correctly. These tumors have a mortality between a 
and 60 per cent, with a slightly higher rate of recurrence and metastas^^ 

■ These figures are based on follow-up reports found in a series o 
cases reported in the literature and on the results of treatment in 
of 19 cases followed in the present series. The treatment^ 
removal of the tumor and the affected tube and ovary only. 
and metastases are best treated by excision and roentgen 
although in 1 case the tumor was successfully ssii,Ie 

therapy alone. In cases in which removal of the rnass is P 
the patients should be given the benefit of irradiation t erapy. 
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INFECTIONS OF THE HAND 

THREE years' EXPERIENCE IN A CLINIC FOR STUDY OF WHITLOW 

E. A. DEVENISH, M.S, F.R.C.S. 

LONDON, ENGLAND 

A clinic for the study of whitlow was started at University 
College Hospital at the end of 1933. The patients seen at the clinic, 
which is held once a week, are referred from the casualty department 
because of minor injury of the hand and whitlow, the latter being defined 
as a focal infection of the hand. The function of the clinic is advisory, 
treatment remaining in the hands of the casualty officers. 


INCIDENCE 

In the three years from 1934 to 1936, inclusive, 41,474 patients- 
were seen in the surgical division of the casualty department. Of this 
number, 388 patients had infection or injury of the hand, that is, such 
patients account for just under 1 per cent of the patients in the 
surgical division of the casualty department (table 1). The slight rise 
in the incidence of such disorders in 1936 is probably due to the greater 
care now taken to refer the patients to the clinic. The figures given in 
table 1, showing the number of cases of injury and infection observed 


Table 1. — Incidence Among Patients in the Casualty Surgical Department 


Year 

1934 

1935 

1936 

Total 


No. of Patients 

Whitlows and 
Injuries 

Percentage 

13,312 

118 

0.88 

13,544 

119 

0.89 

14,818 

151 

1.02 

41,474 

3SS 

0.03 


at the clinic, do not include all such cases in which treatment nas giien 
at the hospital during this period, for the following reasons . 

1. After the clinic was started, some time passed before the mechan 
ism of collecting its patients was working efficiently, and some patient- 
missed attendance. 

2. Some patients attend for dressings at night, and a fen of these 
are unable to attend the regular sessions of the clinic. 

3. Patients with serious symptoms are usuall}’’ admitted to the nards 
as soon as the)'- are seen and on discharge may or may not attenc 

the clinic. 


From the University College Hospital. 
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4. Injuries and infections occurring among the members of the 
nursing staff are not seen at the clinic. 

With the exception of the patients among the nursing staff I do not 
think that many patients have missed attendance at the clinic. 

AGE 

As may be seen in table 2, in about 60 per cent of cases the injury 
or infection occurred in the second or the third decade of life, and 
cases were more or less equally distributed between them. 

Table 2. — Distribution According to Age 


Ago (Years) Xumber o£ Patients 

0-10 24 

11-20 12S 

21-30 104 

31-40 51 

41-50 50 

51-00 21 

Over 00 10 

Total 3SS 


Y’oungcst 1 j’car; oldest 75 years. 


OCCUPATION 

There was a great variety of occupations. Children, including 
school children, accounted for 18 per cent of the patients, and the 
majority of the remainder were manual laborers, craftsmen, housewives 
and domestic servants. There were comparatively few clerical worker^. 


SEX 

The number of male and of female patients affected by casualties is 
approximately equal, and this was true of the series presented. 195 
patients being men and 193 women. Injury occurred nearly twice as 
frequently in men as in women, and paronchyia. nearly twice as fre- 
qucntl}" in women as in men. In the former class the distribution is 
probably due to the nature of the occupation pursued ; in the latter, to 
the practice of manicuring the nails. In all 6 cases of carbuncle of the 
fingers or the hand the patients were men. This incidence may be asso- 
ciated with the greater hairiness of the male hand. For the other types 
of infection the incidence was about equal in both sexes, or the number 
of cases recorded was too small to enable the drawing of any conclusions. 

TR.MMA 

Of the 388 cases 61 were cases of injury. If this number be sub- 
tracted, 327 cases of infection remain, and of these there was a hi^tory 
of injury in IW. or 58.7 jier cent. Only those cases in which the 
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patient could describe the type of injury and the time of its infliction 
are included in the group in which there was a history of injury, 
although in many other cases it seemed probable from the appearance of 
cuts and scratches on the hands that injury had preceded infection. All 
patients with a history of trauma were asked whether precautions had 
been taken to prevent infection. Only 3 had received first aid, although 
it was available to many more. The injuries were in most cases com- 
paratively trivial; they varied in character, injuries due to crushing, to 
cuts and to pricks being the commonest. A common complication of 
trivial injury is the entry of a foreign body. If the injury is followed 
by infection the retention of the foreign body will delay or prevent 
healing. In 4 cases in the series, a retained foreign body caused pro- 
longed suppuration, and in all 4 cases rapid healing followed its removal. 
In only 1 of these cases was the presence of a foreign body suspected by 
the patient. In any case of unexpected delay in healing the possibility 
of a retained foreign body must be considered. 

If the various types of infection are considered, it is seen that 
there is no significant difference between them in the proportion of cases 
in which trauma precedes infection. Thus, of the cases of infection 
of the digital pulp, of paronychia and of subcutaneous abscess and cellu- 
litis of the fingers, trauma occurred in 64, 50 and 65 per cent, respectively. 
With the other types of whitlow the figures were not large enough to 
indicate the significance of trauma. 

HAND AFFECTED 

The right hand was affected in 192 cases, the left in 159 and both 
hands in 6; for 31 patients there was no note as to which hand was 
affected. No note was made of the right-handedness or left-handed- 
ness of the patients, so it is impossible to estimate the importance of this 
factor. 

FINGERS AFFECTED 

Table 3 shows that the index and the middle finger and the thumb 
were affected most frequently and to an equal extent. The ring finger 
was involved half as frequently as was any of the first three digits, an 
the little finger half as frequently as the ring finger. This was true 
of the series as a whole. , It is also true of the individual types o 
infection, with the exception of paronychia, when the number o cas 
is sufficiently large to be useful. In this type of whitlow the index, 1 1 
middle and the ring finger are affected equally commonly, an 
thumb twice as commonly as any one of these digits. 
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Tvpr.s or WHITLOW 

The categories in which llic eases of tliis scries Iiave been placed arc 
mostly self explanatory. In order to remove any ambiguity it may be 
stated : 

1. In all eases in which the condition was classified as injury the 
patient came to the hospital with an injury to the hand and was treated 
for it. Gases in which the patient was first seen when infection had 
followed injury arc included under the ajijiropriate type of infection. 

Taiii.i; 3. — !• tuners Affected 











Typo 

P 

y. 
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u 

c 
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Total 

Ibinnrks 

Injury 









(n) By cruslilnp 

1 

]2 

12 
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1 

40 

2 patients had 2 fliiKcrs 








nITreted 

(b) OUicr 
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7 
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2 pnticnt.s had 2 thiBcrs 








and 1 had 3 tlnirers 
nITected 


Infection of dlcRoI pulp 









(a) Dncompllcated; acute. 

12 

21 

14 

3 

3 

rt 

»»r> 

1 patient had 3 tlnBcrs 

(b) With necrosis of ter- 








allcctcd 

mlnal phalanx 

r> 

3 

fj 

1 

0 

0 

12 


Paronychia 

(a) Uncomplicated; acute. 


11 

17 

13 

7 

0 

S7 

2 patients had 2 flnKcrs 

(b) With Infection of pulp 

3 


2 

1 

0 

0 

S 

nITected 

( 0 ) Chronic and recurrent 
(d) Pus under distal part 

o 

f 

3 

4 

1 

0 

11 


of nail 

fj 
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n 

1 

1 

13 


Subcutaneous abscess and 









cellulitis 

20 

27 

21 

8 

n 

*2 

SO 


Carbuncle 

1 

1 

4 

0 

1 

0 



Infection of tendon sheath.. 

0 


4 

o 

0 

0 

s 


Suppurative arthritis 

o 

2 

4 

0 

0 

0 

s 


Total 

VO 

00 

02 

to 

op 

c 

SOS 



2. Cases in which the lesion was classified as subcutaneous abscess 
and cellulitis of the fingers do not include those of infection of the digital 
pulp. 

3. The group labeled “miscellaneous” includes cases of infections 
which do not fit into any of the other categories and cases of stiff or 
painful fingers. 

DURATION OF DISABLEMENT 

By “duration of disablement” is meant in most cases the period after 
the onset of the injury or whitlow during which the patient was unable 
to work. 

Among the cases of injury of the fingers by crushing were 5 of 
compound fracture of the terminal phalanx. In 3 of these the diagnosis 
was correctly made, and an immediate partial amputation of the terminal 
phalanx with removal of the nail bed and closure of the wound was 
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performed. The 3 patients were able to return to work in three weeks. 
In the other 2 cases tlie diagnosis was not made until the patient was 
seen at the whitlow clinic. In 1 the wound healed in four weeks; in 
the other the fracture became infected, sequestration occurred and the 
patient was disabled for three months. 

Table 4. — Type of Lesion and Duration of Disablement 




o 

*3 

e3 

a 





a 

C3 



Type 




s 

Duration of Disablement 

(a) By ei'usliing 

20 

13 

33 

S3 

2T for 1 to 4 weelis 






0 for 6 weeks and longer 

(b) Other 

10 

9 

2S 

2S 

1 not known (ceased attendance) 
22 for 1 to 4 weeks 

Total injury 

30 

22 

61 

61 

5 for longer than 4 weeks 

Infection of pulp 






(a) Uncomplicated 

27 

33 

37 

CO 

4 not known (ceased attendance) 
4S for 2 to 3 weeks 






8 for 4 to 8 weeks 

(b) With necrosis of terminal 

0 

7 

9 

12 

2 not known (ceased attendance) 

phalanx 





2 for 6 weeks 

2 for S weeks 

6 for 12 weeks 

Total infection of pulp 

32 

40 

40 

72 


Paronychia 





C not known (ceased attendance) 

(a) Uncomplicated; acute 

S2 

32 

42 

S4 

4 for 1 week 

62 for 2 to 3 weeks 

12 for 4 to 6 weeks 


(b) With infection of pulp 

2 

C 

0 

S 

5 for 3 to 5 weeks 

3 for longer than 5 wests 

(o ) Chronic and recurrent 

• 2 

7 

1 

0 

From 5 weeks to 0 months 

(d) Pus under distal part of nail.. 

4 

9 

s 

15 

12 for 1 to S weeks 



— 

. 



1 for 5 weeks 

Total paronychia 

40 

74 

57 

114 


Subcutaneous abscess and cellulitis 
of fingers 

54 

35 

5S 

S9 

3 not known (censed attendance) 

4 for 1 week 





55 for 2 to S ■n'eeks 

27 for longer than 3 Tvccks 


Carbuncle of fingers or hand 

0 

0 

1 

6 

1 for 2 weeks 

5 for 3 to 4 weeks 

Palmar and web abscesses 

IS 

‘ 

12 

20 

3 for 1 to 2 weeks 

12 for 3 to 4 weeks 






2 for 6 weeks 






1 for 8 weeks 

2 for 11 weeks 

Infection of the flexor tendon 
sheaths 

4 

4 

s 

S 

1 not known (censed attendance) 

1 for 2 weeks 

6 for 8 weeks and longer 

Suppurative arthritis 

6 


9 

9 

1 not known (censed attendance) 

1 for 2 weeks 

6 for S weeks and longer 

Miscellaneous 

1 

C 

1 

i 


Total cases 

J95 

193 

253 

sss 




As may be seen in table 4. necrosis of the terminal pha an.v 
plicating infection of the pulp more than doubles the peno o « 
ment and often leaves the patient with some permanent c cc , 
Ssitive pulp ot ,l.e finge,- is usually destroyed. In -es 

was always either a long interval between the onset p- 
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patient's attendance at the luispital (from nine days to four weeks), 
or there was a liistory of two or more operations, which suggested that 
the first operation either was mistimed or was inadecpiate. One patient 
liad his finger incised tlirce times by liis jdiysician and twice at tlie 
hospital before the remnants of the phalanx were amputated. 

Of the cases of infection of the llexor tendon sheaths, the diagnosis 
in 1 was doubtful. The patient was treated with rest and hot fomenta- 
tions, and the condition, which was jierhaps cellulitis, subsided without 
an operation. Of the 6 cases in which o])cration was performed, the 
injury was a cut in 3 instances and a penetrating wound in the others. 
The periods elapsing between the injury and the jiatient's admission 
to the hospital were eleven, fourteen, unrecorded, three, five and fourteen 
days, respectively. In 3 cases the infection was probably primarily in 
the tendon sheath ; in the others infection in the tendon sheath compli- 
cated cellulitis of the finger in 2 and an infection of the pulp in the third. 
In all 6 the diagnosis was confirmed at ojieration, and in all these the 
tendon sloughed. In 2 the finger was eventually amputated, and in all 
6 there was severe jiermanent damage to the hand. The ]ieriods of 
disablement in the cases in which the atTected finger was amputated 
were five and one-half and four months. In 3 other cases, eight, ten 
and twelve weeks elapsed before Ibe wounds were healed. One patient 
ceased attendance at the end of eight weeks, with an unhealed wound. 

In the cases of suppurative arthritis the joints affected were: the 
interphalangeal joint of the thumb in 2. the distal interphalangeal joint 
of the finger in 1, the proximal interphalangeal joint of the finger in 5 
and the metacarpophalangeal joint of the finger in 1. Table 3 shows 
that the thumb and the index and the middle finger were the digits 
affected. There was a history of injur}' in all, and the arthritis compli- 
cated an infection of the pulp in the first 3 mentioned and cellulitis of 
the finger in the others. In all there was roentgenologic evidence of 
osteomyelitis of one or both bones forming the joint. In 1 case the 
finger was amputated, and the period of disablement was three months. 
Two patients ceased attendance when they still had sequestrums and dis- 
charging sinuses. Two patients had periods of disablement of six weeks, 
but 1 of these, although he was back at work, had a stiff, painful thumb. 
Two women had periods of disablement of ten weeks. In both the 
pulp of the finger had been infected, and in both hyperesthesia of the 
scar appeared, persisting in 1 case for one year and in the other for 
eight months. In the remaining 2 cases the periods of disablement 
were eleven and fifteen weeks, and although there was considerable 
limitation of movement of the affected joints, the function of the hand 
was good. With the exception of these 2, all the patients were left with 
some permanent damage to the hand. 



Table 5. — Cases in Which the Usual Period of Disablement Was Exceeded 


Period of 

Cases Disablement Causa or Supposed Cause of Prolongation 

Injury by crushing 

Usual period of disablement 1 to 4 iveeks 


1 to 3 

4 

5 

6 


6 to 7 weeks 
10 weeks 

13 weeks 
2% years + 


Infection of wound 

Infection of wound complicated by suppurative arthritis of 
terminal interphalangeal joint 

Infection of initially unrecognized compound fracture of 
terminal phalanx, leading to necrosis of phalanx and 
sequestration 

Slight initial infection of wound followed by causalgia 


Other iujurj' 

Usual period of disablement 1 to 4 weeks 


1 

0 

i 

4 

5 


5 weeks 

7 weeks 
10 weeks 
10 weeks 

6 months 


Subcutaneous abscess of palm from which a needle was 
removed; injury was a lacerated finger, healed in 3 weeks 
Stiff fingers 

Infection of wound and necrosis of terminal phalanx 
Hyperesthesia of scar 

Partial dry gangrene developed during treatment for com- 
pound fracture of phalanx; refused amputation 


Uncomplicated infection of pulp 
Usual period of disablement, 2 to 3 weeks 


1 and 2 
3 

4 to 6 

7 

8 


4 to 5 weeks 
5 weeks 

6 to 7 weeks 

7 weeks 

8 weeks 


None found 

Previous infection of pulp in same finger S years before; 
bone in old scar 

Delay in starting treatment; interval of 10 to IS days 
between onset of pain and hospital attendance 
Inadeauata or mistimed operation; two operations 
Inadequate or mistimed operation; three operations; hyper- 
esthesia of scar 


Infection of pulp with necrosis of terminal phalanx 
Shortest period of disablement, 0 weeks 
1 to 2 12 weeks Hyperesthesia of scar 


Paronyehia, uncomplicated, acute 
Usual period of disablement, 2 to 3 weeks 


1 to 6 4 to 5 weeks 

0 and 7 5 and 6 weeks 

8 to 11 5 to 0 weeks 

12 6 weeks 


None found 

Delay in starting treatment; interval of 7 and 14 days 
between onset of pain and hospital attendance 
Inadequate primary operation for removal of nail; second 
operation 
Raynaud’s disease 


Paronychia, complicated by infection of pulp 
Usual period of disablement, 3 to 5 weeks 

1 6 weeks Delay in starting treatment; interval of 7 days between 

onset of pain and hospital attendance 

2 10 weeks Inadequate or mistimed operation; four operations 

3 11 weeks Patient stopped attendance for 4 weeks and on return nan 

necrosis of terminal phalanx 

Pus under distal part of nail 
Usual period of disablement, 1 to 3 weeks 

1 5 weeks Splinter buried in nail bed, overlooked at first operation 


Cellulitis and subcutaneous abscess of fingers 
Usual period of disablement, 2 to 3 weeks 


1 to IS 4 to 6 weeks 

14 to 20 4 to 6 weeks 

21 to 23 4 to 6 weeks 

24 3 months 

25 3 months 

26 3 months 

27 4% months 


ladequato or mistimed operation; two ot oiore w r. 
day in starting treatment; interval of i to lo oays 
between onset of pain and hospital attendance 
adequate or mistimed operation; two operations 

ifia^lfmphangitis: appearance of residual brachial nb«cG=« 

2 weelv'S after cellulitis of Unger had 

ingreno of finger with severe infection of nana, cau. 

tinVnnTTTl 


palmar and web abscess 
Usual period of disablement, 3 to 4 weeks 

1 and 2 6 weeks Both deep abscess of palm; for ?- made on 

3 S weeks Deep abscess of palm; initial incision wro g y 

4 11 weeks Web^bscess with splinter in '’"'1'^’ 

removed, but finally discharged spontaneoiuiy 

5 11 weeks Hyperesthesia of scar 


Suppurativa arthritis 
Shortest period of disablement, 6 weeks 

1 S months } Apparently 

2 1 year f cases 


permanent 


hyperesthesia of the scar In holh 
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Of the patients with miscellaneous lesions 1 was a woman aged 
20 who had had a chronic ulcer on the dorsum of the ring finger 
for four weeks when she was first seen. She was treated for another 
four weeks without imjirovcment, after which, on curettage, a splinter 
was found, and two weeks later the ulcer had healed. 

Table 5 shows the cases in which the usual period of disablement 
was exceeded; the cause, or supposed cause, of this is indicated. In 
cases of injury, infection of the wound, and in cases of whitlow, delay 
in starting treatment, mistimed or inadcfjuatc operation and hyper- 
esthesia of the scar were most commonly responsible for this pro- 
longation. 

COMMKXT 

The well known association of trivial injury with infection of the 
hand is illustrated by the figures given in an early part of this paper. 
It is likely that if such injur}' were to receive prompt treatment the 
incidence of whitlow woidd be much reduced. This supposition has 
been confirmed within my own knowledge by tbc experience of a large 
engineering firm, which found that the strict application of prophylactic 
measures to trivial cuts and scratches was followed by a material reduc- 
tion in the incidence of infection. Such measures are immediate 
cleansing of the wound, its protection against contamination and a 
warning to the patient to report immediately if the lesion becomes 
painful. 

With regard to acute infection, certain tendencies in treatment seem 
to be emerging from physicians’ experience, though they cannot yet be 
looked on as established. They may be stated thus : 

1. Operative treatment, short of total extirpation of the affected 
area, cannot benefit a patient with an acute infection during the period 
of spread. There is no clear evidence that the supposed “relief of 
tension” effected b}' a premature incision ever checks the progress of 
an infection, whereas such incision almost alwa3's prcciptates sloughing 
and actually increases the amount of damage. 

2. The function of operation is the evacuation of pus, and it is as 
important to avoid undue haste in operating as to avoid undue delay. 

3. In the early stages treatment must be directed to helping the 
tissues in their struggle with the infection. Tire most important ele- 
ments in this are elevation and absolute immobilization of the limb. 

4. While rest is of the greatest value during the stage of acute 
invasion, it must be discontinued as soon as healing has begun. Dis- 
use of a finger itself may produce serious disablement. 

At present too much stress is pei'haps laid on the anatomic basis of 
the treatment of these conditions. Attention is so much focused on the 
site of the incision and the necessity for early operation “to relieve 
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tension” that unnecessary operations are apt to be encouraged. It is 
necessary to state emphatically that premature incision for spreading 
cellulitis is by no means a harmless blunder ; it may determine the onset 
of sloughing. The plea for early incision is usually stressed in cases 
of infection of the digital pulp, and it is stated that unless tension 
is relieved dire results follow. It is certainly more difficult to abort an 
infection of the pulp than to arrest cellulitis elsewhere in the hand, but 
this is probably due to the situation of the pulp at the end of the 
arterial tree of the upper limb. Premature incision for cellulitis of the 
pulp is thus more likely to result in extensive sloughing and may 
possibly cause necrosis of the terminal phalanx. It is only recently 
that strict immobilization of the affected hand has been insisted on, 
yet during this time, in several cases established infection of the pulp 
has subsided without operation. In others the infection has progressed 
to abscess formation and has yielded to simple incision, and in none has 
any serious complication developed. 

Immobilization is secured by means of light metal or plaster splints, 
and swelling and congestion of the inflamed area are reduced to a 
minimum by elevation of the limb. This is best done with the patient 
in bed, but when this is impracticable the next best thing is to keep the 
hand near the opposite shoulder by means of a sling. The method of 
splinting or elevation must not interfere with the circulation, and care 
always should be taken that there is no possibility of this. Should 
operation be necessary, after-treatment should consist of the twice 
daily application of hot fomentations to prevent the incision from crust- 
ing over and care that the patient carries out active movements of the 
unaffected fingers. 

There is one important point which remains, that is, tlie relation of 
disuse to the function of the hand. The hand seems to be dependent for 
efficiency on constant use. Complete disuse, whether produced by 
therapeutic immobilization or by a tender scar, is followed by atrophic 
changes in the fingers, which result in their disablement. This maj' be 
prevented in the former instance b}^ discontinuing immobilization and 
by starting active movements as soon as healing is established. In the 
latter, in which the condition is more difficult to deal with, the tender 
area must be protected by some form of shield and the patient made to 
use the finger. It is important that this should be done as soon as 
possible ; therefore, after the wound has healed, every patient is 
examined to determine the mobilit}" of the fingers before he is na 3 
discharged. 



TREATiMENT OE INTESTINAL OBSTRUCTION 


J. HOTTIN 

I.IKGK, lUXGIUM 

Recently Aircl, of Edinburgh, staled that since tlie beginning of ibe 
century tbe mortality from intestinal obstruction bas remained about 
40 per cent. He added tbal desj)itc animal experimentation, the knowl- 
edge acquired in ibis field has not been sufficiently applied to therapy. 
When one considers that intestinal obstruction is one of tbe most com- 
mon occurrences, if not the most common, at least in the surgical clinic 
of Professor Delrcz, and when one reflects on the high mortalit}' reported 
by Aird, one is not surprised at the efforts of clinicians to improve the 
treatment for this grave condition. 

I wish particularly to emphasize that obstruction is rarely a disease 
per se. It is as a rule tbe consequence of a ])rccxisting condition or of 
a malformation, or tbe cause may remain obscure. But in all instances 
the obstruction aggravates furtber the original condition. One should, 
however, in the jiresence of obstruction, forget the immediate or the 
remote cause and employ all one’s efforts to relieve the obstruction. I 
shall attempt to relate my conception of the treatment of intestinal 
obstruction and to base it, so far as possible, on physiopalhologic con- 
siderations as gained from experience. 

The influence of the French and the German contributions resulted 
in the concept that intestinal obstruction produces intoxications of 
various kinds. Since 1912, the American school, represented by Plartwell 
and Hoguet and later by Haden and Orr, whose precursors in France 
included such men as E. Vidal and Dclore, has changed this point of 
view, for these men regarded death following intestinal obstruction as 
due primarily to anhydremia and hypocbloremia. A tendency developed 
to ignore the toxic aspect of the problem and to consider anhydremia 
and hypocliloremia as the only factors causing death from intestinal 
obstruction, at least from high intestinal obstruction. I feel that if one 
wishes to study all the aspects of the problem it is necessary to modify 
this method of interpreting the phenomena. It is much more likely that 
intestinal obstruction produces an intoxication first of the blood and 
then of the tissues. This intoxication may have several places of origin, 
such as the obstructed intestine or the pancreatic gland, as demonstrated 
by the favorable results obtained in animals when the pancreas is short- 
circuited, even though one cannot explain the manner in which this 

From the Surgical Clinic of the University of Liege, Director, Professor 
Delrez. 
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occurs. The liver likewise may have something to do with the toxic 
phenomena. Besides this toxemia, there develop factors of great 
importance, factors to which I have given the names of dehydration 
and demineralization of the blood and tissues. These factors alone may 
account partly for a particular toxemia, to the exclusion of the obstructed 
intestine. As a matter of fact, dehydration and demineralization result 
in a reduction of the volume of the blood and the arterial pressure, 
in consequence of which there is an alteration in the tissue circulation of 
the type which permits the cellular metabolites, some of which are 
highly toxic, to be only imperfectly removed by the blood. The result 
is tissue intoxication. On the other hand, the metabolites taken up by the 
blood are only imperfectly eliminated owing to a diminished excretion of 
urine, which in itself is the result of dehydration and demineralization. 
The result is a toxemia dependent solely on dehydration and deminerali- 
zation. However, these two factors are not the only ones involved in 
intestinal obstruction, for if one supplies only the elements lost by 
deh5'-dration and demineralization one obtains only incomplete benefit 
from the therapy. In order for this form of therapy to be of value, 
one ought to give the patient a quantity of water and of mineral ele- 
ments much greater than would be necessary to make up for the losses 
caused by vomiting, diuresis, sweating and respiration. To recapitulate 
briefly, intestinal obstruction results .in a toxemia, all the effects of 
which are made possible by dehydration and demineralization, the latter 
being capable in themselves of producing a part of the intoxication. 

I do not ignore the importance of the level of the obstruction, for I 
realize that the gravity of symptoms depends on its height. The intoxi- 
cation, however, though obscured by the symptoms of dehydration 
and demineralization and not recognizable on superficial examination, 
remains the primary cause of the severe manifestations accompanying 
intestinal obstruction. The foregoing facts should serve as a guide to 
the choice of efficient therapy, which I shall now discuss. 

TREATMENT 

Certain principles in the treatment of intestinal obstruction may be 
considered as fundamental. If the patient’s condition is not too grave 
and operation may be postponed for several hours, it is advisable to 
restore the water and minerals that have been lost. This treatment 
consists in furnishing the body with water in large quantities and with 
simple ions, particularly chlorine, sodium, potassium and calcium, in an 
isotonic or mildly hypertonic solution. The fluids may be administere 
subcutaneously or intravenousl)% If the condition of the patient is 
orave and immediate operation is indicated, this form of therapy i-^ 
impossible. 
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Anesthesia . — The choice of anesthesia is one of the most important 
problems in tiie treatment of intestinal obstruction. One should not lose 
sight of the fact that the obstruction causes a toxemia, and that one 
should not introduce a new toxic substance into the blood stream. Local, 
or regional, anesthesia is the best, and it has been used in the majority 
of eases which I have observed at the clinic. It goes without saying 
that this type of anesthesia is not applicable in every case. Under 
certain conditions I have used spinal anesthesia, generally induced with 
procaine hydrochloride, with satisfactory results. I feel, however, that 
spinal anesthesia should not be used for the toxic patient whose arterial 
pressure is already very low. I shall discuss spinal anesthesia later. 
If local anesthesia is not sunicicnt, it may be supplemented with ether 
during the painful steps of the operation. Certain anesthetics must be 
used with caution. This applies particularly to anesthetics introduced 
intravenously or by rectum. These anesthetics when introduced into the 
circulation may not be well tolerated, because of hepatic changes and 
consequent reduction in the antitoxic function of the liver and because 
of diminished excretory function of the kidney. To sum up, I advise the 
choice of the most innocuous anesthetic, and I cannot sufficiently empha- 
size the advisability of local or regional anesthesia whenever possible. 

Operation . — The essential principle in the treatment of intestinal 
obstruction is always to practice the simplest kind of operation. I have 
already stated that intestinal obstruction cannot be called a malady 
per se but is the consequence of some other preexisting lesion. It is the 
obstruction, however, that should always be treated. It alone consti- 
tutes an emergency. The aim of the treatment is to remove the obstruc- 
tion by the simplest means. If the patient’s general state permits, I 
treat both the obstruction and the primary cause by instituting a com- 
plete operation. Experience, however, teaches that frequently a simple 
operation will save a life and will permit later treatment of the causative 
lesion under much better conditions, while a complicated operation which 
relieves the obstruction and the cause results in a large number of 
fatalities from various complications developing a few days after the 
intervention. I shall refer again to the fact that the simplest opera- 
tion will relieve the obstruction and that few of the patients operated 
on die of the effects of obstruction. However, when one practices 
resection and suturing of the obstructed bowel, one may expect some 
disagreeable complications, despite the fact that the obstruction is 
relieved. No tissue is less suitable for suturing than an intestine which 
is the seat of an obstruction. Therefore, the important principle to be 
applied as far as possible is to relieve the obstructon by the simplest 
operative technic. 

Postoperative Treatment . — Frequently the most important part of the 
operation is the after-treatment, concerning which the following sug- 
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gestions are made. Rehydration and remineralization should be accom- 
plished through injections of large amounts of isotonic or mildly 
hypertonic solutions of chlorine, sodium, potassium and calcium by the 
subcutaneous, intravenous, rectal and, if possible, oral route. This treat- 
ment has two aims, namely, to remove rapidly the toxins which tend 
to overwhelm the organism by instituting a satisfactory diuresis and to 
improve the function of the skin; in addition, the bowel functions 
much better when the water supply and minerals have been restored. 
In order for this treatment to be effective, however, one should 
introduce large amounts to replace the fluids lost. I have found it 
advantageous in some cases to wash out the stomach several hours 
after the operation. A certain amount of toxic material is thus removed 
from the gastrointestinal tract. The lavage has to be repeated only 
exceptionally. Symmonds advised encouraging vomiting after the opera- 
tion. I prefer lavage. Some clinicians advise duodenal suction. This 
is an ancient method which was practiced on animals in 1767 by Monro, 
an English veterinarian. It was used in man by Kussmaul in 1867, 
with varying results. It was reintroduced by Wangensteen and Paine 
in 1933, and recently Paine has perfected the apparatus for aspiration. 

I have had no experience with this method and have not resorted to it in 
a single case. 

I have summed up rapidly the principles Avhich should be followed 
in the treatment of intestinal obstruction. I shall now describe with 
some detail the various forms of obstruction treated for the past six 
years in the surgical clinic of Professor Delrez. This experience includes 
334 cases of obstruction. 

MECHANICAL OBSTRUCTIONS 

Congenital Stenosis and Atresia; Imperforate Anus. — A 4 day old 
infant with congenital atresia of the large intestine was treated by 
creating a fistula in the small intestine, but the child died. An infant 
4 months old had imperforate anus combined with a perineal fistula, 
and 2 infants, each 1 year of age, had imperforate anus with a recto- 
vaginal fistula. The treatment consisted of dilation of the anus and 
reduction of the rectal ampulla. The 3 infants survived, although 
a small rectovaginal fistula persisted in 1. 

Obstruction by Foreign- Bodies. — One patient had an obstruction 
at the level of the ileocecal valve due to undigested food. Enterostomi 
was performed, the intestine was emptied of its contents and the open 
ing was closed ; the patient recovered. In 1 patient the obstruction vas 
due to ascarides. At laparotomy pressure was exerted on tie owe 
so that the ascarides passed on toivard the cecum ; the patient recoi ere . 

A sponge left in the abdomen at laparotomy was the cause o m es i 
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obstruction in anotlicr patic-nt ; removal of the sponge brought about 
relief. 

Inflammatory Tumors . — One patient with an inflammatory tumor 
of the cecum recovered after drainage. Another patient had stenosis 
due to a bacillary infection of the middle portion of the small intestine; 
perforation occurred, and resection with end to end anastomosis was 
performed. Tlie patient died three weeks later from a pulmonary abscess. 
One patient with stenosis of the small intestine, caused by tuberculous 
infiltration of tlie intestinal wall, was subjected to resection and end 
to end anastomosis, with recover}'. Another with a tuberculous cecum 
and complete obstruction was subjected to hemicolectomy on the right 
side followed b}' ileocolostomy and died three weeks later as a result 
of a pulmonary abscess. A jiaticnt with tuberculosis of the splenic flexure 
died twenty-four hours after simjde exploratory laparotomy. Finally, 
a patient with obstruction of the small intestine due to a caseating 
mesenteric gland, 30 cm. above the cecum, was subjected to partial 
excision of the node ; he survived the drainage but died later. 

Neoplasms . — There were 2 patients with obstruction of the small 
intestine due to carcinomas. Resection of the tumor followed by 
end to end anastomosis was performed on the first patient under spinal 
anesthesia ; death was due to peritonitis. Nothing more than an explora- 
tory laparotoni}' could be performed on the second patient because of 
the dissemination of the cancer. Of 5 patients with tumors of the 
cecum, 4 w'ere subjected to resection of the tumor followed by ileocolos- 
tomy under ether anesthesia. One of these 4 patients died of peri- 
tonitis, 1 died of pneumonia and the other 2 survived. The fifth 
patient survived after the creation of a fistula of the small intestine. 
Two patients with tumor of the ascending colon were subjected to 
hemicolectoni}' on the right side followed by ileocolostonty with recovery, 
though a fecal fistula persisted in 1. A third patient was treated b)' 
exteriorization of the tumor and resection. The medially placed anus 
was closed at a second operation, but a small fistula persisted. The 
three operations were performed with the patients under ether anes- 
thesia. Six patients with carcinoma of the transverse colon were treated 
in the following manner : Four underwent cecostomy, 2 under local 
anesthesia and 2 under ether anesthesia. All 4 recovered. Two under- 
went resection with end to end anastomosis of the transverse colon, 1 
under local anesthesia and the other under ether; 1 died of peritonitis. 
There were 6 patients with carcinoma of the splenic flexure. Three 
underwent cecostomy, 2 under local anesthesia ; 2 of the 3 died later, 1 
of multiple abscesses which developed in the tumor. An artificial anus 
was made in the transverse colon of 1 patient under local anesthesia; 
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death resulted from peritonitis. The 2 remaining patients were treated 
by exteriorization followed by extraperitoneal removal of the tumor 
and closuie of the artificial anus. Ether anesthesia was used in 1 and 
procaine hydrochloride administered spinally in the other. Both 
recovered. 

There were 20 patients with carcinoma of the sigmoid flexure. Nine 
were operated on under local anesthesia, 5 under spinal anesthesia with 
procaine hydrochloride and 1 under spinal anesthesia after the method 
of Jones. For 1 Schleich’s anesthetic mixture was used, for 1 Schleich’s 
mixture plus oil of cajeput, for 1 ether and for 1 chloroform. 

The following types of operations were performed: creation of an 
iliac anus, 10 cases; exteriorization and removal of the tumor, 4 cases; 
exteriorization and extraperitoneal removal of the tumor with closure, 
3 cases ; exteriorization and intraperitoneal removal of the tumor with 
closui'e, 2 cases, and creation of a fistula in the terminal portion of the 
ileum, 1 case. 


Seven of the patients in whom an iliac anus was made died between 
the eighth day and the third month after the operation; 2 of those on 
whom exteriorization was performed died between the fourth and the 
fifteenth day. 

There were 49 patients with cancer of the rectum. Thirty-six were 
operated on under local anesthesia and 1 under spinal anesthesia with 
procaine h)’'drochloride. For 10 ether was used, for 1 Schleich’s mixture 
plus oil of cajeput and for 1 a preparation of ethyl chloride locally. 

A simple iliac anus was created in 29 cases ; an iliac anus was created 
followed by sacroperineal resection in 15 cases, and abdominal perineal 
resection was done in one stage in 5 cases. 

Six of the patients in whom an iliac anus was made died between 
the third day and the third month after the operation, from various 
causes. Four of those subjected to abdominal perineal resection died 
from one to ten days after intervention. 

Membranous Euterocolitis . — Of 2 patients with membranous entero 
colitis, 1 recovered on medical treatment and the other died of peritonitis 


five days after cecostom)^ 

Duodenal Obst 7 'uction . — In 1 patient who had undergone gastro 
enterostom}’^ for a gastric ulcer obstruction caused by the trunk o t le 
mesenteric artery developed at the junction of the superior tvo tur 
and the inferior third of the duodenum. Duodenojejunostomy was 
performed with the patient under ether anesthesia, and death occurre 


on the fifteenth day. _ , i i 

Obsfructwn Due to Adhesions .— were 4 patients who lac 
adhesions of congenital origin. In 1 compression of the intestine 
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caused by a branch of the mesenteric artciy, which produced anemia 
of the intestinal loop and a consequent obstruction. There was 1 patient 
with obstruction due to I'iicckcr.s diverticulum and 13 with obstruction 
due to postoperative adhesions (following appendectomy, operation for 
perforated ulcer, hysterectomy and operation for strangulated hernia). 
Twelve of the patients were treated by division of the adhesions, 1 
by division of the adhesions and draniagc, 3 by enterostomy and 1 by 
side to side anastomosis. One patient was kept on a milk and ice 
cream diet. 

Two of the patients died after division of the adhesions, 1 after 
division of the adhesions and drainage .and 1 after side to side anas- 
tomosis. 

The most favorable operation, without doubt, is that of a simple 
division of the adhesions. However, it is not always sufficient and 
must be supplemented by anastomosis or resection followed by anas- 
tomosis, which makes the prognosis more grave. In certain cases 
the adhesions cannot be divided and one has to be satisfied with enter- 
ostomy either on the loop just above the obstruction or more fre- 
quently on the first i)resenting loop. This oj^eration m.ay be radical. 
After the release of the intestine and relief of the obstruction, detoxi- 
fication of the patient is instituted and the fistula closes spontaneously 
or is closed by the surgeon. More frequently the obstruction persists. 
On rehydration of the patient, the fistula may close spontaneously. 
More frequent!}' the obstruction may be removed by operation when 
the patient’s state has improved. If the obstruction persists, a second 
enterostomy is performed in order to improve the general state of the 
patient, and the obstruction is later treated operatively. In any event, 
an enterostomy is not the most satisfactory procedure, but it enables 
one sometimes to save the life of a patient who could not withstand 
a severe operation. 

I shall add to this group of cases those of intestinal obstruction 
due to bacillary peritonitis, of which there were several. Nine patients 
with fibrous adhesive peritonitis were treated in the following manner : 

1 by ultraviolet irradiation, 4 by simple laparotomy, with 2 deaths ; 1 
by laparotomy, drainage and roentgen irradiation, with the develop- 
ment of a stercoraceous fistula and death after two and one half 
months ; 1 by laparotomy, drainage and ultraviolet rays ; 2 by laparot- 
omy and freeing of the adhesions and 1 by laparotomy, freeing of the 
adhesions and ultraviolet irradiation. 

Nine patients with peritonitis of the ascitic type were treated in the 
following manner: 1 by simple heliotherapy; 4 by laparotomy and 
exposure to air, with 1 death ; 1 by laparotomy, exposure to air and 
peritoneal lavage with oil of cajeput; 2 by laparotomy, drainage, 
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exposure to air and postoperative treatment with ultraviolet irradia- 
tion and 1 by laparotomy, exposure to ultraviolet rays during the opera- 
tion and postoperative treatment with ultraviolet rays. 

Obstruction Due to Compression of the Intestine . — There was I 
patient with obstruction of the splenic flexure caused by hypertrophy 
and ptosis of the spleen. The obstruction was removed by splenectomy. 
Two patients with obstruction in the course of pregnancy were sub- 
jected to exploratory laparotomy, after which the obstructive phe- 
nomena disappeared. 

Strangulated Hernias. — There, were 141 patients with strangulated 
hernia, including those of the inguinal, femoral, umbilical, epigastric 
and ventral types. One hundred and twenty-five of these were adults 
between 16 and 87 years of age, and 16 were infants from 5 months 
to 5 years of age. The duration of the strangulation varied from four 
and one-half hours to seven days. Taxis was practiced on 10 adults 
and 1 infant. One death occurred on the sixth day, from cerebral 
hemorrhage with uremia. The results in another case were very instruc- 
tive. After an unsuccessful attempt was made for about twelve 
minutes to reduce the hernia by taxis, an operation was decided on, 
and spinal anesthesia was induced with procaine hydrochloride. Before 
the operation the hand was placed over the hernia, and mild compres- 
sion of the hernial contents resulted in their reduction. The patient 
no longer experienced any pain. It was decided not to operate. On 
the following day pains returned. Laparotomy revealed a properly 
reduced hernia with one intestinal loop badly injured and perforated. 
The patient died. This accident emphasizes that one should be very 
cautious in the practice of taxis. I did not consider the efforts 
employed sufficiently rough to cause perforation of the intestine. On 
the other hand, the strangulation did not last more than three hours 
and I had every reason to believe that the vitality of the intestine was 
not compromised. There was no reaction of any kind in the vicmit) 
of the strangulation. It is probable that the spinal anesthesia caused 
relaxation of the abdominal wall and permitted the reposition of the 
intestine, which perforated later. Leriche stated that although intes 
tinal obstruction may be relieved by spinal anesthesia, such relief is 
not to be relied on. I shall speak of this later. Another disadvantage 
of the method of taxis consists in the possibility of reducing the hernia 
en masse. It permits of the continuation of obstruction and on> 
delays the operation. To sum up, one should be extremely carefu 

performing taxis. _ . _ 

One hundred and thirty patients with strangulated hernia were su i 
jected to operative intervention. Thirteen infants were operate o 
under ether anesthesia and 2 under chloroform. Nine adults 
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operated oti under ether anesthesia, 2 with chloroform, 1 under 
Schleich’s anesthesia and 1 with Schleich's mixture plus oil of cajeput. 
The remaining 106 patients were operated on under local anesthesia 
induced with 1 or 0,5 per cent procaine hydrochloride in amounts of 
from 30 to 50 cc. 

I have employed, as, a rule, a very simple technic, the Bassini or 
the Forguc method for inguinal hernia, Ruggi's method for femoral 
hernia and a simple reenforccmenl of the abdominal wall for umbilical 
or epigastric hernias or eventrations. The intestine, even though con- 
siderably altered, assumes a rosy coloration and manifests a few con- 
tractions after the a])])lication of warm physiologic solution of sodium 
chloride and is then returned to the abdomen. Of 28 patients operated 
on for this condition, 5, all adults of advanced age, died. One had a 
strangulated femoral hernia of five days’ standing with a beginning 
gangrene of the bowel and intestinal paralysis ; atiother had a femoral 
hernia of twenty-four hours’ duration and died ten days later from pul- 
monary abscess ; another patient died as the result of acute pulmonary 
edema; the fourth died of peritonitis despite the fact that the bowel 
did not appear much altered at the time of operation, and, finally, the 
fifth died from an unknown cause. In 10 cases a complicated pro- 
cedure was carried out: In 2 instances the perforated herniated intes- 
tinal loop was sutured and the patients recovered. In 1. case the loop 
was sutured and attached to the neck of the sac. In 1 case the intes- 
tinal loop was exteriorized and resected; the two lumens were sutured 
to the skin, end to end fashion ; death took place after twelve days. In 
4 instances enterostomy was performed on an exteriorized bowel ; 3 
patients died, and 1 recovered with a fistula, which was later 
closed. Twice resection of the loop and intestinal anastomosis was 
practiced; in both instances the patient died. 

It is evident that the simple operations oflfer a greater chance of 
saving the life of the patient with a strangulated hernia than the com- 
plicated operations, which are followed by a considerable mortality. 
Finally, I wish to mention 1 case of strangulated hernia in which 
phenomena of obstruction developed one month later as a result of a 
plastic peritonitis and which necessitated intestinal resection. The 
patient recovered. 

Volvulus . — There were 4 patients with volvulus. One, a 4 day old 
infant with volvulus of the small intestine, resulting in necrosis of the 
loop, underwent resection with an end to side anastomosis which proved 
fatal. Two patients with volvulus of the cecum, of the ascending colon 
and of the sigmoid flexure in whom untwisting was performed 
recovered. Finally, the last patient was admitted to the clinic in a 
moribund condition as a result of volvulus of the ascending colon. No 
treatment was attempted. 
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Iiititssttsception.—i:her& were 10 patients with intussusception. In 
2 the small intestine was involved; in 1 resection followed by an 
end to end anastomosis was successfully practiced. The other patient 
died. Autopsy revealed a reduced intussusception followed by fixation 
of the loop to the parietes. Seven patients with ileocolic intussuscep- 
tions were operated on. For 5 ether anesthesia was used, for 1 chloro- 
form and for 1 Schleich’s mixture plus oil of cajeput. Reduction of the 
intussusception followed by ileocolopexy was practiced. In 1 case a 
simple reduction was done. One death resulted from hyperthermia. 
One patient survived after the reduction of a colocolonic invagination. 
In 1 case of ileocolic invagination an attempt at reduction was made 
by means of an enema of barium sulfate. The invagination was suc- 
cessfully reduced, but it recurred two days later and operation was 
necessary. The principle of this method is old. It originated, as a 
matter of fact, with Hippocrates, who practiced it in the treat- 
ment of intussusception and particularly of certain forms of intestinal 
obstruction. He recommended introduction into the anus of large 
quantities of air by means of a sound or a tube, and when the abdomen 
became sufficiently distended the tube was removed and water was 
introduced immediately after. Hippocrates claimed to have brought 
about a cure in that fashion in many cases of invagination. 

I have recorded 55 fatalities among 302 patients with mechanical 
obstruction, a percentage of 18.25, which is a relatively small mortality. 

I particularly emphasize the fact that the cause of death in the majority 
of instances was not the obstruction. All patients operated on, with 
the exception of 4 or 5, were relieved of the obstruction in the course 
of the operation, with reestablishment of the fecal current, death super- 
vening as a result of various conditions, some of which were undoubt- 
edly favored by the obstruction. On the other hand, a study of the 
postoperative deaths in the cases of carcinoma of the sigmoid flexure 
and of the rectum and above all in the cases of strangulated hernia. 


reveals that the safety of the patient lies in the less complicated opera- 
tions. Therefore, in the presence of a mechanical obstruction of the 
intestine the first concern should be that of saving the life of the 
patient. One should not resort to complicated operative procedures but 
should postpone the removal of the cause of the obstruction to the 
time when the patient has been relieved of his toxemia, anh 3 "dremia an 


loss of minerals. 


FUNCTIONAL OBSTRUCTIONS 


Functional obstructions present an entirely different story. Tirst. 
the etiologic factors are unknown in most of the cases, and eien i 
under certain conditions the primary cause of ileus is found, it is 
sible to establish the relation of cause and effect. This lack o 
edge is due to ignorance concerning the role of the innen'ation o 
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intestine in man. Neitlier the physiologists nor the clinicians possess 
an accurate idea of the physiology of intestinal innervation. The 
methods of stud}' have not been elTectivc. By one of the methods a 
small portion of the intestine is removed from an animal or from a 
human being and placed in a nutritive solution or is nourished b}' 
defibrinated blood with the addition of different chemical substances. 
Such a method cannot possibly give one any idea of the conditions in 
vivo or in situ, cither in the normal state or under pathologic condi- 
tions, and cannot be used to elucidate the physiology of intestinal 
innervation. The only j^crmissible method is to study the bowel in 
situ or in a living animal, and here one immediately runs into insur- 
mountable difficulties. If one wishes to investigate the role of inner- 
vation of the intestine one should theoretical!}' be able to deprive this 
viscus of its nerve sup]dy. It can readily be seen that this cannot be 
accomplished, because it implies the removal not only of the sympathetic 
trunks and the pneumogastric and the intermediary ganglionic plexuses 
but of the intramural plexuses of Auerbach and Meissner. It can 
readily be understood that such a performance is impossible and that 
because of the autonomic character of the bowel complete denervation 
cannot be obtained. Lack of knowledge relative to the role of inner- 
vation of the intestine in the normal or pathologic state is responsible 
for the uncertainty in which one finds oneself when considering the 
field of paralytic ileus from a pathologic standpoint. Moreover, mechan- 
ical obstructions may be complicated by functional phenomena. Occa- 
sionally in strangulated hernias an entire loop of intestine is not found 
in the hernial sac, but only a piece of compressed omentum or a small 
pinched-off portion of the lateral antimesenteric border of the intestine. 
I have seen 2 cases in which the lumen of the entire intestine was patent 
and in spite of it there existed an obstruction which disappeared when 
the omentum was released or when the lateral pinching was removed. 
The remarkable thing in such cases is the total obstruction such as 
follows strangulation of the entire loop. This observation makes it 
probable that there exist centripetal influences concerning the intes- 
tinal innervation, in spite of the fact that this is contradicted b}' certain 
physiologists. 

I shall consider briefly a few examples of functional ileus that I 
have observed. I have stated that mechanical obstruction is. as a rule, 
secondary to some preexisting condition. Only when an obstruction 
IS produced is one compelled to turn one’s attention to the original 
cause, and one should attempt to remove the obstruction before an}'- 
thing else. Functional ileus may likewise be secondary to an original 
condition, but in a great number of cases it is the latter which presents 
all the signs and the treatment of which results in the amelioration or 
cure of the condition. Such is the case with obstructive phenomena 
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which accompany inflammatory processes of the abdominal viscera 
(appendicitis, cholecystitis, salpingitis, pancreatitis, perforation of an 
ulcer, renal diseases). 

I shall not discuss these forms of obstruction here. With these con- 
ditions, therapy is directed to the cause. 

Inflo-iuiuat oyy Obstvucftous. — Obstructions of this type are secondary 
to peritonitis and develop some time alter an abdominal condition. I 
have observed 2 cases of peritonitis secondary to perforation of an ulcer. 
Drainage was established in 1 case, and the patient died six days later; 
in the other case the patient received symptomatic treatment only and 
died at the end of twent 3 '-four hours. In 3 cases peritonitis followed 
appendicitis of several days’ standing for which operation had not been 
IDerformed. The treatment consisted of appendectom)' and drainage. 
The patients recovered. I have had 7 patients between the ages of 
57 and 85 who presented blood urea concentration of from 1 to 6 Gm. 
per hundred cubic centimeters. Only 1 patient survived and for this 
one the treatment consisted of restoration of the fluids and minerals 
on a massive scale. The other 6 patients were treated as follows : Three 
were subjected to an exploratory laparotomy, 1 to the establishment of 
an iliac anus and 2 to lavage combined with extensive bleeding. All 
died between forty-eight hours and twenty-eight days after the institu- 
tion of treatment. The exploratory laparotomies revealed general dila- 
tation of the entire intestine without any obstruction to the fecal current. 

I believe that the patients died not from the obstruction but from uremia, 
since in the majority of the patients treated the fecal current was rees- 
tablished. I feel that the best treatment for this obstruction is copious 


rehydration and remineralization. 

Lead Poisoning. — Two patients suffering from saturnism presented 
functional spastic obstruction. They recovered with treatment of the 
saturnism by removal of the lead and administration of a milk diet and 


potassium iodide. 

Coronary Thrombosis.— A patient suffering from coronary throm- 
bosis of the anginal type presented genuine complete paralytic obstruc- 
tion. The obstruction was relieved b}' enemas and hot applications. 
Four days later the patient suffered another attack of angina and died. 
Postmortem examination revealed an infarct of the m 3 mcardium. 

Intestinal Worms.~One patient presented a functional mtestma 
obstruction of the spastic type, -which was found to be due to intestma 
parasites. The obstructive crises disappeared in the course of treatmen 
Perhaps this obstruction was of the type described by Rost an attri u 
to substances secreted by the genital and digestive organs of t e , 

and producing a condition of the bowel. The treatment directe '' 
the removal of the parasites was followed by the disappearan 
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obstructive crises. Init nothing justifies my saying that the relation exists 
between the worms and tlie olistrnction. 

Aciifc .■llcoJioIisin . — A patient presented characteristic symptoms of 
intestinal obstruction following a drunken orgy. The use of enemas and 
a diet gave relief. 

Tabes . — A jratient suffering from tabes and subject to obstructive 
phenomena of paralytic nature was subjected to an exploratory 
laparotomy, which failed to reveal the existence of any lesion. The 
crises disappeared after antisyphilitic treatment. 

Hyslcria . — Two hysterical patients presented symptoms of paralytic 
obstruction. Treatment of their nervous manifestations was effective 
in curing the obstruction. 

FnnctiomI Ileus of Unkno^vn Cause . — In 12 patients I observed 
intestinal obstruction of spastic or of paralytic nature; at times the 
spastic and the paralytic phenomena alternated. I have searched in vain 
for the cause of this type of obstruction. One patient had a thrombosis 
of tbe left external iliac vein. The rest of the patients presented nothing 
abnormal but the obstruction. Seven patients were treated medically 
by enemas and laxatives, with recovery. Five were subjected to opera- 
tion. The 3 who underwent exploratory laparotomy died in from 
twenty-four hours to seventeen days after the operation. One patient 
on whom cecostoni}' was performed, and another on whom enterostomy 
of the small intestine was done died twelve and fifteen days later, respec- 
tively, in spite of the fact that the obstruction was relieved. To sum up, 
there were 9 deaths in 32 cases of functional obsti-uction, or 28 per cent. 
It appears that one should be careful about operating in cases of obstruc- 
tion which is the result of peritonitis. Operative intervention on uremic 
patients with obstruction or on patients with functional obstruction of 
unknown cause gave bad results, despite the fact that the intervention 
was no more than an explorator}' laparotomy or an enterostomy. The 
best therapy for this type of obstruction is conservative — diet, enemas 
and above all the administration of fluids and minerals. At the begin- 
ning of the discussion on functional ileus I emphasized that precise 
knowledge regarding intestinal innervation is very meager. I wish to 
state that even though I have classified the obstructions in cases of 
uremia, of lead poisoning, of coronary disease, of infection due to 
intestinal parasites, of acute alcoholism, of tabes and of hysteria, I do 
not know whether a relation exists between these conditions and the 
obstruction. All I wish to state is that an obstruction manifested itself 
in subjects affected with these diseases, and in Anew of the fact that 
no cause for the obstruction could be found I feel that it is wise to treat 
the obstruction in a symptomatic manner concomitantly with the disease 
itself. Since treatment of the general cause favorabh' influences the 



748 


ARCHIVES OF SURGERY 


obsti uction, it is possible that there is a relation between the general 
disease and the obstruction. In any event, the relation is uncertain. 

This is obAuously not the case in functional ileus associated with 
peritonitis. It is probable that the peritoneal infection itself is capable 
of causing intestinal paralysis by action on the nerves and plexuses. 
Again, peritonitis acts directty on the muscle fibers of the intestine. 
The study of the muscular layers of the bowel in cases of peritonitis 
discloses considerable edema of the muscular fibers and of the tissues 
between the fibers as a result of the infection or of the hyperemia of 
the bowel. Surgical treatment in these cases should be regarded in 
various aspects. The principle of the treatment is to drain the peritoneal 
cavit)^ If this proves inefficient, one has to resort to enterostomy; 
the opening may close spontaneously or may have to be closed after 
recovery. In all of the cases this treatment can be efficiently supported 
by massive rehydration and remineralization. 


POSTOPERATIVE ILEUS 

This is a particular form of ileus, either paralytic or spastic, which 
may follow any operative intervention but most frequently follows an 
abdominal operation. This should not be confounded with postoperative 
ileus with obstruction which follows an abdominal operation. The latter 
is also of a paralytic nature but depends on a more or less severe 
peritoneal reaction; it belongs in the domain of the functional obstruc- 
tion consecutive on peritonitis. ,I am speaking here of a postoperative 
ileus without any sign of peritoneal reaction. The cause of this con- 
dition is unknown, and for its treatment I have used lavage of the 
stomach, duodenal suction, hot applications to the abdomen and warm 
and cold enemas. The most satisfactory procedure is lavage of tlie 
stomach; the rest of the procedures gave favorable results in some of 
the cases but in others the results were uncertain. One can employ 
pharmaceutic products. I have experimented with many preparations, 
none of which proved very satisfactory regardless of whether their 
action was based on experimental or on clinical experience. Included 
in this group were posterior pituitary extract, peristaltin (a glucoside 
of Cascara sagrada), acetylcholine, ph)'sostigmine, atropine, opium and 
numerous other commercial preparations. In some of the cases tins 
treatment was folloAved by the passage of gases and feces, but in the 
majority of cases the drug proved inefficacious, so that the actual effec 
tiveness of these products remained problematic. As a result of 
mental work, morphine has been employed in recent years to reestab is i 
the intestinal peristalsis. In my experience this therapy has not given 
the results which were expected of it. 
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/;i/row)ioiw lujcclioiis of Hypertonic Solutions . — Postoperative ileus 
is sometimes treated with injections of hypertonic solutions. From 10 to 
20 per cent solutions of sodium chloride are most frequently employed. 
Introduced into a vein in a dose of 20 cc., such a solution will provoke 
a violent peristalsis and will relieve postoperative paralysis. Delrez 
and Orban have found this method inefficient in 66 per cent of cases 
of postoperative ileus, and these figures are confirmed every day. It is 
certain that the injection of a 20 per cent solution of sodium chloride may 
sometimes rapidl}' relieve the paral)’sis of the intestine and be followed 
by evacuation of feces and gases in a short while, but the untoward 
phases of this treatment are numerous and I feel that it is not the ideal 
treatment of postoperative ileus. Other hypertonic solutions were tried 
in man and the animal (sodium citrate, urea and dextrose) with results 
comparable to those obtained with h3’pertonic solution of sodium chloride. 
I emphasize once more that intravenous injection of hypertonic solution 
of sodium chloride should not be employed in cases of mechanical 
obstruction. Four 3'ears ago I stated that this treatment is not efficacious 
and is, in fact, dangerous, and only recently Aird expressed the same 
view. Some clinicians resort to the employment of enemas of a 20 per 
cent solution of sodium chloride in cases of paral3l:ic ileus. I have not 
had any experience with this method, but I feel that it is probably not 
superior to those I have mentioned. 

Spinal Anesthesia . — Leriche appears to be the first to have advised 
spinal anesthesia for the treatment of paralytic ileus (1912). Since then 
the method has been rapidly popularized. Wagner, Bonniot and Bartlett 
gave different explanations of its action, but these are incomplete and 
inadequate. Numerous publications emanating from the Surgical 
Society of Paris in 1927 make this method appear well founded, and 
I have observed that patients have a prompt evacuation a few minutes 
after the injection of a spinal anesthetic. However such a result is not 
always attained, and the method may result in regrettable accidents, as 
pointed out by Leriche himself. It is preferable, therefore, to use 
caution in employing spinal anesthesia for the relief of the paralytic 
postoperative obstruction and not to expect too brilliant results. 

CONCLUSION 

All the methods which I have mentioned for the treatment of post- 
operative ileus can be employed for any paralytic ileus. I feel, however, 
that some of them should not be used if the intestinal paral3'sis is due 
to an inflammatory peritoneal reaction. The aim of these methods is to 
provoke intestinal peristalsis, but since the peritoneal exudate should 
not be spread, I feel that it is best in cases of peritonitis to keep the 
bowel at rest. 
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In conclusion, I wish to say a few words about the therapy I regard 
as the most effective against postoperative ileus. In the greater number 
of cases this complication develops in a patient who previous to the 
operation was already in a state of dehydration and demineralization 
as a result of the malady which indicated the operation (vomiting, with- 
holding of food, profuse sweating and diarrhea), or a similar state of 
dehydration and demineralization develops after an operation, owing 
to causes comparable to those just mentioned, to which should be added 
evaporation and hemorrhage during the operation. To surn up, post- 
operative ileus is produced as a result of loss of water and minerals, and 
the best means of preventing this complication consists in administering 
a satisfactory supply of fluids and minerals after surgical intervention. 
This is a most important preventive aspect of the problem. If despite 
everything postoperative ileus ensues, the best treatment is that of 
supplying massive doses of fluids and minerals. I belieA^e that this 
furnishes a satisfactoiy explanation for the good results obtained by 
Dubois de Geneve by blood transfusion in cases of postoperative ileus. 
It amounts to no more than a special form of supplying of water and 
minerals with its active antitoxic effects. Of all the therapeutic measures 
in the treatment of intestinal obstruction, rehydration and remineraliza- 
tion give the most satisfactory results. In certain exceptional cases all 
the means which were employed failed. In such cases one must employ 
a method, unpleasant though it may be, which may save a few lives, and 
perform an enterostomy, the effect of which is comparable to that which 
I have mentioned in cases of obstructions due to adhesions. 
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PHILAMELPIIIA 

Approximately 300,000 persons in the United States will be operated 
on this year for acute appendicitis and its complications. Twenty thou- 
sand of these will die at an average age of 27 years. Fewer than 2,000 
will die of acute appendicitis. More than 17,000 will die of peritonitis. 

Of the 300,000 persons operated on, nearly 195,000 will have an 
intact appendix; the serous coat will be unruptured. The mortality will 
be less than 1 per cent. Of the 300,000, it is estimated that 105,000 
will have peritonitis at the time of their admission to the hospital and 
approximately 1 of every 6 of these will die; 63,000 will have local 
peritonitis and approximately 3 per cent, or 1 in 30, will die; 42,000 
will have spreading peritonitis and more than 15,000, or 1 in every 3, 
will die. Over 80 per cent of those who che will die of spreading 
peritonitis. 

During the past six years our attention in the Department of Sur- 
gical Research, Temple University Medical School, has been focused 
on spreading peritonitis complicating acute perforative appendicitis. We 
have produced in dogs a form of spreading peritonitis which clinically, 
pathologically and from a bacteriologic and serologic point of view, 
closely resembles that seen clinically following acute perforative appen- 
dicitis. The bacteriologic findings are reported separately elsewhere. 

INDUCTION OF SPREADING PERITONITIS IN DOGS 

Selection of Animals . — The dogs were selected at random, except that the 
control dogs and the treated dogs were of approximately equal size and weight. 
Pregnant animals and animals weighing less than 4.5 Kg. were not used. No 
effort was made to prepare the dogs except that they were not fed on the morn- 
ing of the operation. 

Operative Technic . — The operation was performed with the dog under ether 
anesthesia. The abdomen was shaved, scrubbed with ether and painted with a 
3.5 per cent tincture of iodine. Strict aseptic precautions were observed. A 

From the Department of Research Surgery, Temple University Hospital, 
and the Philadelphia General Hospital. 
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right rectus incision about 10 cm. long was made ; the appendix was located, drawn 
up and dissected free of its mesenteric attachments, and all bleeding vessels were 
clamped and separately ligated with fine silk. A double ligature of silk was 
then tied tightly about the appendix as close to its base as possible. After 
inspection to make sure that hemostasis was complete, the abdominal contents 
were replaced and the wound was closed in layers, silk being used throughout. 
The fascia was reenforced with interrupted sutures. Drains were not used. During 
the operation precautions were taken to prevent the escape of blood info the 
peritoneal cavity. No dressing was applied. 

Administration of Laxatives . — Early in the investigation it was found that 
by giving 30 cc. of castor oil to the average dog twenty-four hours after separat- 
ing the appendix from its mesentery and ligating the blood vessels and the 
appendix at its base it is possible to induce spreading peritonitis. Table 1 
shows that the mortality in this series of experiments was 68.52 per cent. Ninety- 
one and nine-tenths per cent of the deaths were caused by spreading peritonitis. 

The next step was to give 30 qc. of castor oil to a group of animals directly 
after the operation. The mortality rose to 78.28 per cent, and 94.45 per cent 
of the dogs died of spreading peritonitis (control group B). An average dose 
of 54.1 cc. of castor oil was then administered to a third group of dogs directly 
after the operation. The mortality rose to 91.87 per cent, and 100 per cent 
died of spreading peritonitis (control group C). 


Comment . — The results in control groups A and B prove that the 
time of administration influences the outcome, and the results in control 
group C show that the quantity of laxative administered also influences 
the outcome. Every animal that died after receiving 2 ounces of castor 
oil following the operation died of spreading peritonitis. 


Postoperative Care . — The dogs were placed in metabolic cages and 
allowed to recover before being returned to the animal house. Food 
and water were placed before them. They were disturbed only when 
brought to the operating room for the administration of laxatives or for 
other treatment. They were returned to the animal rooms as rapidly as 
possible, with as little handling as possible. Special care was taken not to 
squeeze or massage the abdomen. 

In the animal rooms no special precautions were taken except that the 
dogs were kept segregated in individual cages. The rooms were heate^ 
during the coldest weather only, the room temperature never beiOj, 
higher than 50 F. except when the weather made it so. 

Postmortem examinations were carried out in all instances as soon 
as possible after death. If an autopsy was not performed to 
the cause of death, if the animat died of pneumonia or of some o 
complication within ten days, or if at a subsequent operation ""PP 
dix was found to be intact, showing that the ligature had s ipp . 
animal was discarded. 


treatment of spreading peritonitis in dogs ^ 

Although 323 dogs were used, 58 of this 
: control or treatment groups. The normal postop 
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period of IS of the 58 dogs was interrupted by another operation to 
obtain material for bacteriologic and histologic examinations. A number 
of these dogs recovered and were used subsequently as donors for blood 
transfusions and as donors of convalescent serum. 

Thirteen animals died of the effects of the anesthetic before, during 
or immediately after the operation. Most of these deaths occurred 
in the earl}" stages of the work. In 14 animals the ligature placed 
around the base of the appendix was not drawn sufficiently tight and 
became loose directly after the operation, or the mesentery was not com- 
pletely separated from the appendix and gangrene of the appendix did 
not develop. Subsequent exploration of the abdomen in each instance 
revealed a normal appendix with no evidence of local or spreading 
peritonitis. Eleven animals were excluded because of delay in carrying 

Table 1. — Results of Administration of Castor Oil 
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Xum- 

her 

of 

Avor- 

ago 

Weight. 
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J3 

2o 

9.26 

SO 

Immediately 5 
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Immediately l 
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11 

91.07 
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0.00 

Suinniarj'SP 

9.3S 


2S 

60 

74.16 

05.35 

93.93 

8.07 


* In this table and in the following ones S. P. indicates spreading peritonitis; L. P., local 
peritonitis. 


out postoperative treatment or because of accidents. One dog died of 
hemorrhage, and in 1 case autopsy was incomplete. 

Of the 265 dogs used, 158 received treatment for spreading peri- 
tonitis. Eight)"-nine were used as controls and 18 for bacteriologic and 
histologic investigations. Control groups are designated A, B and C. 
Treatment groups are numbered 1, 2, 3, 4, 5, 6, 7, 8 and 9. 

As the results of our bacteriologic investigations indicated the pres- 
ence of anaerobes and especially of Clostridium welchii, it was decided 
to use Bacillus perfringens antitoxin in the treatment of induced 
spreading peritonitis in dogs, and our attention was directed toward 
determining the optimum dose and time of administration. 

In treatment group 1, the administration of moderate doses of B. perfringens 
antitoxin intramuscularly reduced the mortality from 68.52 per cent (control 
group A) to 36.36 per cent. By increasing by 80 per cent the amount of laxative 
administered, the mortality was increased to 91.67 per cent (control group C) ; 
but this mortality was reduced in a group similarly prepared to 28.66 per cent 
— a decrease in the mortality percentage of 85.01 and a reduction in mortality 
of 70.9 per cent — by an improvement in the method of administration of the 
antitoxin (treatment group 2). 
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The question arose whether or not the intravenous injection of antitoxin 
would further reduce the mortality. To determine this, the antitoxin was given 
to a group of dogs prepared similarly to control group B. In this group, the 
animals, after having had the mesentery separated from the appendix ’ and 
the base of the appendix ligated, received 30 cc. of castor oil directly after the 
operation. In the control group the mortality was 78.26 per cent; in the treat- 
ment group, after the intravenous injection of B. perfringens antitoxin, the mor- 
tality was reduced to 63.16 per cent — a decrease in the mortality percentage of 
15.12 and a reduction in mortality of 19.3 per cent (treatment group 3). 


COMMENT ON THE DOSE OF B. PERFRINGENS ANTITOXIN 

Table 2 shows the amounts of B. perfringens antitoxin given intra- 
muscularly per kilogram of body weight, together with the mortality 
and the average postoperative duration of life of the dogs that died. 

Table 2. — Results of Administration of B. Perfringens Antitoxin in the 
Treatment of Spreading Peritonitis 
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19 
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Group 1 is made up of the dogs that first received antitoxin. The 
amount given was small, moreover, as 43.18 per cent of the dogs received 
only one dose, 3.64 per cent received two doses and 43.18 per cent 
received three doses. The dogs that recovered received an averap 
amount larger by 77 per cent than the dose given those that died. T le 
average postoperative duration of life of the dogs that died in group 
was eighty-eight and one-half hours. No death occurred in less 
forty-eight hours. Nine of the 16 dogs that died could have receive a 
second dose and 5 a third dose of antitoxin. The dose of antito.' 
cubic centimeters per kilogram was slightly larger for group t an 
group 2. In group 2, both the dogs that survived and those tba c 
received approximately the same amount of antitoxin. 

From the standpoint of mortality and the lengthene u ^ 
life of the dogs that died after the operation, the results in group 
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remarkable, especially when it is realized that the dogs in this group 
received doses of laxative averaging 89 per cent larger than those given 
to group 1. 

At this point in our investigation the question was raised how much, 
if any, of the reduction of mortality achieved hy the use of B. per- 
fringens antitoxin was due to the antibodies present in normal horse 
serum, the vehicle for the Cl. welchii antitoxin. To determine this, a 
group of 20 dogs (treatment group 4) was treated with normal horse 
serum injected intramuscularly, spreading peritonitis having been 
induced in the manner previously described. At this point it may be 
stated, to avoid repetition, that the operative technic was pi'ecisely the 
same for all dogs in both control and treatment groups, the only variable 
factor being the time of administration and the amount of castor 
oil given. 

The results obtained with horse serum are shown in table 3. 


Table 3. — Ext’crimcntal Group 4 — Horse Scrum 
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The administration of horse serum reduced the mortality 12.43 per 
cent and increased by nearly thirteen hours the average duration of life 
of the dogs that died after the operation. The percentage of dogs that 
died from spreading peritonitis was increased 1.4 per cent. 

Since B. perfringens antitoxin seemed to control satisfactorily the 
toxemia produced by Cl. welchii, we felt it might be advantageous to 
combine other antiserums or whole blood with the antitoxin in order to 
control the efifects of other organisms, especially of Bacillus coli and 
of Streptococcus. 

Before instituting the combined treatments for spreading peritonitis, 
we decided to determine the effect of whole blood alone, given intra- 
venously. 

Each of a group of 18 dogs was given a total average dose of 179.83 cc. of 
whole blood (not immunized) ; approximately 60 cc. was given on the day of 
the operation and the same amount on the second and third days after the 
operation. The mortality in this group (treatment group 5) was 91.66 per 
cent, and the average postoperative duration of life of the dogs that died was 
sixty-three hours. In treatment group 6, injections both of whole blood and 
of B. perfringens antitoxin were given. As the average weight of the dogs used 
in this experiment was greater the amount of blood was increased accordingly. 





756 


ARCHIVES OF SURGERY 


each dog receiving a total average dose of 206 cc. on consecutive days. The dose 
of perfringens antitoxin injected was 4.83 cc. per kilogram of body weight. The 
mortality in this group was 33.33 per cent; the average postoperative duration 
of life of the dogs that died was sixty-seven and one-half hours. The results 
in the experiments on dogs of these two groups are summarized in table 4. 

In both these groups the laxative was administered immediately after the 
operation. 

The dogs in treatment group 7 received immune serum in addition to B. 
perfringens antitoxin. This serum was obtained from dogs that had received 
antitoxin and had recovered from induced spreading peritonitis following rupture 
and gangrene of the appendix. The dose of antitoxin injected was 4 cc., and 

Table 4. — Treatment Groups 5 and 6 — Transfusions 
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Table S — Treatment Groups 7, 8 and 9 
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that of immune serum 3.72 cc., per kilogram of body weight. The mortality in 
this group was 33.33 per cent, but the average postoperative duration of life o ^ 
the dogs that died was increased to ninety-six hours, which is longer than any 
of the treated dogs lived except those in group 2. _ . 

The dogs in treatment group 8 received polyvalent B. coli serum in addition 
to B. perfringens antitoxin. The dose of antitoxin was 2.18 cc., per ki ogram 
of body weight. The mortality was 33.33 per cent, and the average postoperativ 
duration of life of the dogs that died was seventy-two hours. 

The dogs in treatment group 9 received lyophilized immune blood seru^ 
given intramuscularly. The average amount given to each '^^verage 

per kilogram of body weight. The mortality was 25 per 
postoperative duration of life of the dogs that died was y 

The dogs in all these groups received the laxative immediately after operati 
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COMPARISON OF RESULTS OBTAINED IN DIFFERENT 
GROUPS OF ANIMALS 

The difference in the average weights of dogs in the two groups, 
0.15 Kg., is a negligible factor. The average dose of castor oil given 
to the treatment groups exceeded that given the control groups by 1.22 
cc. "While this is a small ai'erage increase, in the aggregate it amounts 
to 129.32 cc., and any effect it might have would be unfavorable to the 
sundval of the dogs in the treatment group, because of the greater likeli- 
hood of increased peristalsis, which makes localization more difficult. 
The postmortem examinations which were made in over 95 per cent of 

Table 6. — Comparison of the Results Obtained in the Control Groups and 
the Different Treatment Groups 
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65.35 

93.93 

Treatment groups 1 and 2, B. perfringens antitoxin 
(intramuscularly) 

59 

33.89 

94.40 

66.67 

Treatment group 3, B. perfringens antitoxin (Intra- 
venously) 

19 

. € 3.16 

70.00 

83.33 

Treatment group 4, horse serum 


20 

CO.OO 

80.30 

91.67 

Treatment group 5, blood transfusion 


12 

91.60 

63.12 

91.67 

Treatment group C, B. perfringens antitoxin 
whole blood 

and 

12 

33.33 

67.50 

100.00 

Treatment group 7, B. perfringens antitoxin 
immuno serum 

and 

12 

33.33 

96.00 

100.00 

Treatment group 8, B. perfringens antitoxin 
B. coll serum 

and 

12 

33.33 

72.00 

100.00 

Treatment group 9, immune blood serum, lyopbilized 

12 

25.00 

48.00 

100.00 


Combined Mortality of All Treatment Groups except 3, 4 and 5 


Number of 

Dogs 

Lived 

Died 

Mortality, 

Percentage 

107 

72 

3a 

33.64 


instances showed that the lowered mortality in the treatment group was 
due to a greater tendency to localization of the process. This is cor- 
roborated not only by the lower mortality ( 74.16 per cent as compared 
to 39.59 per cent in the control group) but also by the increase in the 
average number of hours of survival of dogs that died after the operation 
(nineteen hours, an increase of 29.02 per cent) (table 6). 

At subsequent operations on the dogs that recovered the gross find- 
ings showed that in the control group the appendix was completely 
absorbed in 60 per cent of instances and partially absorbed in 40 per 
cent. In the treatment group, 23 of the dogs were still living when this 
report weis made, and with 8 others notations were not made at the 
time of the operation. 
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SUMMARY OF THE TREATMENT OF LAXATIVE-INDUCED 
SPREADING PERITONITIS IN DOGS 
The mortality from laxative-induced spreading peritonitis in non- 
treated control groups A, B, and C was 74.16 per cent. 

The mortality from laxative-induced spreading peritonitis in dogs 
treated with horse serum given intramuscularly • was 60 per cent. 

The mortality from laxative-induced spreading peritonitis in dogs 
treated with B. perfringens antitoxin alone was 41.03 per cent. 

The mortality from laxative-induced spreading peritonitis in dogs 
treated with B. perfringens antitoxin given intravenously was 63.16 
per cent. 

* 

Table 7. — Comparison Between the Control and Treatment Groups 


Average Weight, Average 
Number Average Kg. Dose 

of Weight, , •- V Castor Oil, 

Dogs Kg. Lived Died Cc. Treatment 


Control groups SO 9.73 9.27 9.90 33.26 

Treatment — B. Perfringens Antito.x'in 

B. perfringens antitoxin t ' — 

alone and combined with Average 

whole blood, Bacillus coll Dose, Cc. Lived Died 

serum, and immune 

blood serum IW 9,95 10.SS 10.23 24.33 36.1 37.4 34.02 


Average 

Duration 

of Life Subsequent 

Mor- Pathologic of Dogs .E.xamination at 
Number tality. Picture That Operation 

Lived Died centage S. P. L. P. Hr.’ A. A.* L.P. -iutopsy 

Control groups 23 66 74.1 93.9 0.07 05.92 00.0 40.0 5 


Treatment— B. per- 
fringens antitoxin 
alone and combined 
with whole blood. 
Bacillus coli serum, 
and immune 
blood serum 70 


44 38.5 72.7 18.9 


35.02 00.9 39.1 


* Acute appendicitis. 


The mortality from laxative-induced spreading peritonitis in dogs 
treated with B. perfringens antitoxin given intramuscularly was 33. 

per cent. _ . . . 

The mortality from laxative-induced spreading peritonitis in 

treated with blood transfusions alone was 91.66 per cent. ^ 

The mortality from laxative-induced spreading peritonitis in 
treated with blood transfusion and B. perfringens antitoxin given m 

muscularly was 33.33 per cent. , 

The mortality from laxative-induced spreading peritonitis 
treated with immune blood serum and B. perfringens antito.xin 
33.33 per cent. 
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The mortality from laxative-induced spreading peritonitis in dogs 
treated with B. perfringens antitoxin combined with polyvalent B. coli 
antitoxin was 33.33 per cent. 

The mortality from laxative-induced spreading peritonitis in dogs 
treated with lyophilized immune serum alone was 25 per cent. 


The maximum mortality in the control groups was in control group 
C — 91.87 per cent. 

The maximum mortality in the treatment groups was in tVeatment 
group 5 — 91.66 per cent. 

The minimum mortality in the groups treated with B. perfringens 
antitoxin was in treatment group 3 — 26.68 per cent. 

The minimum mortality in all treatment groups was in treatment 
group 9 — 25 per cent. 

The average postoperative duration of life of tlie dogs that died 
in the control group was sixty-six hours. 

Tlie average postoperative duration of life of the dogs that died 
in the treatment group was eighty-five hours. 

The maximum postoperative duration of life of the dogs that died 
in the control groups was in group A — sixty-eight hours.- 

The maximum postoperative duration of life of the dogs that died 
in the treatment groups was in group 3 — one hundred and eighteen 
hours. 

The minimum postoperative duration of life of the dogs that died 
in the control groups was in group B — sixty-two hours. 

The minimum postoperative duration of life of the dogs that died 
in the treatment groups was in group 9 — forty-eight hours. 

The average percentage of animals dying from spreading peritonitis, 
in control groups A, B and C was 94 per cent. 

The average percentage of animals dying from spreading peritonitis, 
in treatment groups 1, 2 and 3, which were treated with B. perfringens 
antitoxin alone, was 50 per cent. 


2008 Walnut Street. 
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The denervation theory of the causation of diabetes insipidus holds 
high interest at the present time. This theory is based on the assump- 
tion that diabetes insipidus is due to the absence of, or to a deficiency 
in, the antidiuretic principle which is elaborated by hypophysial tissue. 
It depicts that this tissue is activated only by neurogenic influences 
carried by the nerve fibers which take origin in the hypothalamus and 
pass to the hypophysis by way of the infundibular stalk. 

In an early statement of the theory, the antidiuretic principle was 
assumed to be elaborated by the epithelial investment of the pars ner- 
vosa, namely; by both the pars intermedius and the pars tuberalis.^ 
Later, attention was focused on the infundibular process (the enlarged 
distal portion of the pars nervosa) as the secretory structure. This 
shift was largely due to the successful extraction of the antidiuretic 
principle from the neural lobes of birds and whales, which are free 
from any epithelial investment,^ and also to the recognition of anatomic 
changes in the infundibular process in the cat following hypothalamic 
lesions which, in turn, were associated with diabetes insipidus.® The 
successful occlusion of the hypophysial stalk in the monkey without 
elicitation of diabetes insipidus ^ resulted in the focusing of attention 
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on the entire pars nervosa “ as the source of the antidiuretic principle ; 
i. e., the infundibulum as well as the infundibular process. 

Except for this change in the Itypophysial structure suspected as 
the secretoiy tissue, the fundamental denervation hypothesis has 
remained unchanged — namely, that the elaboration of the antidiuretic 
principle is dependent on intact lypothalamic innervation. If this is 
true, complete degeneration of the infundibular nerve fibers should 
invariably result in the appearance of diabetes insipidus in its maximal 
form, because the antidiuretic principle would be completely lacking. 
One would expect the magnitude of the polydipsia per kilogram of body 
weight to be fairly consistent in a given species and probably from one 
species to, another. Further, in the instance of nearly complete dener- 
vation there should be some correlation between the degree of dener- 
vation and the severity of the diabetes insipidus. 

Several experimental studies are now on record which establish 
the fact that lesions occurring in the ventral hypothalamus frequently 
precipitate diabetes insipidus.® Most of the experiments in these series 
have not been sufficiently controlled anatomically for any attempt at 
a positive correlation between the occurrence or severity of diabetes 
insipidus and the extent of degeneration of the infundibular nerve 
fibers. Fisher and Ingram and their associates have reported such a 
correlation in their sizable series of experiments on cats and have 
interpreted their results as supporting, rather conclusively the denerva- 
tion theory. Analysis of their published data gives one the impression 
that there was considerable variation in the water intake per kilogram 
of body weight (body weight Avas stated only infrequently) present 
in the preparations which they considered totally denervated (ventral 
infundibulum only). Certainly the maximum fluid intake per unit of 
body Aveight encountered by them in experiments on the cat is far 
beloAV that on record for experiments on the rat and the dog. Richter 
reported that certain of his rats drank their OAvn weight of Avater 
in tAventy-four hours. A Avater intake of 600 to 900 cc. per kilogram 
per day is not unusual for the diabetic dog. We have encountered 
an instance of a Avater intake of 1,300 cc. per kilogram per day for 
a dog Aveighing 5.3 Kg. This Avas in the presence of a high food 
intake. Taking into account the range in Aveight of cats, the maximal 
Avater intake encountered b)'- Fisher and Ingram for the cat could not 

5. Ingram, W. R., and Fisher, C; Anat. Rec. 66:271, 1936. 

6. (a) Camus, J., and Roussy, G, : Compt. rend. Soc. de biol. 83:764, 
1920. (b) Houssay, B. A.; Carulla, J. E., and Romana, L. : ibid. 83:1250, 1920. 
(c) Baile}', P., and Bremer, F. : Experimental Diabetes Insipidus, Arch. Int. Med. 
28:773 (Dec.) 1921. (rf) Curtis, G. M. : The Production of Experimental Diabetes 
Insipidus, ibid. 34:801 (Dec.) 1924. (c) Richter, C. P. : Brain 53:76, 1930. 
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have been over 250 or 300 cc. per kilogram of body weight, and in most 
instances it was considerably less. Fisher ’ informed me that he feels 
that the water exchange in the cat is below that in the rat and the dog 
and that he and his associates did encounter maximal diabetes insipidus 
for the cat in certain of their animals." 


MATERIAL AND METHOD 

Cats in good physical condition were used, which in most cases had been 
conditioned to our cage regimen. Water was continually available to them during 
a twenty-three hour period daily. Food, which consisted of a mixture of half 
a prepared dog food and half salmon, was available in their cages for sixteen hours 
daily. The water drunk and tlie food eaten were measured ever}’’ twenty-four hours. 
In some cases during the immediate postoperative period limited milk- was given. 
In these instances the milk was included in graphing fluid intake. In graphing 
fluid and food intake on the basis of kilogram of body weight, the weight of 
the animal at operation was used throughout for the basis of calculation. No 
routine quantitative urinary studies were made. The absence of polydipsia is an 
adequate criterion for the absence of diabetes insipidus. In addition, we are con- 
vinced on the basis of observations in our laboratory that the severity of diabetes 
insipidus is most reliably measured by the magnitude of the polydipsia. 

Operative Proeednre . — The ventral portion of the hypothalamus was e.\-posed 
on one side by the usual intracranial subtemporal approach. Then by means 
of subpial manipulation in the ventral hypothalamus with a small, blunt probe, 
an attempt was made to isolate the entire hypophysis from the hypothalamus, 
thus sectioning the nerve fibers before their entrance into the infundibulum. 
The whole pi'ocedure is easily accomplished with good visibility and with com- 
plete hemostasis. The greatest difficulty encountered was in sectioning those 
fibers which leave the hypothalamus and enter the infundibulum at its anterior 
extremity. We have now learned to do this with certainty by running the probe 
anteriorly between the pia and the surface of the hypothalamus and making the 
lesion by inward traction into the hypothalamus rather than by our former 
method of outward traction after protruding the probe into the hypothalamic 
tissue at the level of the infundibulum. 


HISTOLOGIC STRUCTURE 

The location and extent of the lesion as well as the extent of degeneration of 
the infundibular nerve fibers were determined at the termination of the e.xperi 
ment by sectioning the hypothalamus-lwpopl’ysis block (fi.xation in 
formaldehyde and embedding in paraffin) longitudinally and . 

sets of consecutive sections (exery tenth or fifth section). One set \\as s 
for cells with cres.vl violet, another for nerve fibers by a 
Pal-)A^eigert method, and the third for nerve fibers by the method o 
Complete demarcation of the hypophysis from the hypothalamus y sea 
as illustrated in figure 1, is sufficient evidence of complete degenera 
infundibular nerve fibers. Nevertheless, the silver . 

in figure 2, were indispensable in doubtful instances of comp e e i ^‘^^irablc 
We found that the Bodian method was not only eehab 
for this study, because of the fact that the cellular elements shov ap - 


7 Fisher, C. : Personal communication to the authors. 
8. Bodian, D.: Anat. Rec. 65:1, 1936. 
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in relation to the nerve fibers. Figure 3 is a low power photomicrograph of a 
section of the hypophysis and ventral hypothalamus of the cat, stained by this 
method. Note that at this low power the distal half of the infundibulum shows 
as a compact nerve trunk ; this appearance is produced by a concentration of 
the nerve fibers in this region. In addition, the various parts of the hypophysis 
as well as their lines of separation arc rcadilj' identified. The condensation of 
the nerve fibers in the distal half of the infundibulum is no doubt due to the 
progressive decrease in the width and diameter of the infundibulum in going 
distally from the hypothalamus. This region of concentration of fibers in the 
infundibulum was therefore particularly scrutinized for nerve fibers in our serial 
preparations. It is this region of the ventral portion of the infundibulum that is 
illustrated in the high power photomicrographs in figure 2. 



Fig. 1. — Low power photomicrographs of representative sections taken from 
the serial sections for cat 1, showing the location and extent of the hypothalamic 
lesion. Sections a, b and d were stained by the Bodian method ; section c was 
stained with phosphotungstic acid. Sections on and b are sections to the left of the 
midline, and sections d and c, to the right. The abbrevations are : m.b., mamillary 
body; o.c., optic chiasm; Ls., lesion scar; h, hypothalamus; p.t., pars tuberalis. 

The presence or absence of nerve fibers as well as the general size and number 
of cellular elements in the infundibular process is likewise somewhat indicative of 
the extent of degeneration of the infundibular nerve fibers. This fact is illustrated 
in figure 2 

RESULTS 

We operated on 29 cats, of which 7 either did not survive the 
operation long enough for adequate observation or were found dead 
at such a time that reliable anatomic studies could not be made. The 
daily food and water consumption of the remaining 22 cats was 





w. »* 

Fig. 2.— Representative high power photomicrographs, all of the same mag^ 
nification, from sections stained by the Bodian method. ec lo by 

from the distal region of the ventral infundibulum ^ ^ fibers, 

arrow 1 in figure 3). Compare with c, e and < 7 . o e crowing in the infun- 
the prominence of cellular elements and the absence ° peripheral region 

dibulum. Section b was taken from the ventral an ^ 3 )_ 

of the infundibular process of cat 2 (as indicated ^ ^ increased 

Compare with rf, f and h. Note the absence of nerve fibe s^a^d t^ ^ 

number of cellular elements as compared with n°^™ the width of the infun- 

. (cat 3 ) is equivalent to sections a, e and the j ^ 

dibulum is less and the cellularity greater than m m ^ the 

equivalent to sections fi, / and h Sectmn e ujs taken from_^ 

vLtral infundibulum of a normal cat (indicated bj a ^,t this po>nt 

that the histologic picture of the entire of the infun 

is essentially that of a compact nerve trunk. Section / uas^ta ^ 

of the infundibular process of a normal cat (indicate a 'c and c. Note that the 

I ;p%T Section g (cat 4) is equivalent to sections ^ . „err-c fibers- 

. n,uch „a™.d 

c- t'r^ry It ( c 2 .t 41 Is equivglent to sections u, a i fibers 

"sllp^d «i.l /. in spite of ,h. presence of nten.v nen. fibers 
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observed over periods ranging from five weeks to five months. During 
the period of observation the cats remained in good health and exhibited 
no deviation from the normal in behavior except (for a few days) 
slight sluggishness and caution in using the jaws because of the sore- 
ness of the severed temporal muscle. As a rule their appetites con- 
tinued normal or slightly enhanced directly after the operation, but in 
a few instances forced feeding (milk by stomach tube) was necessary 
for several days, after which spontaneous feeding was resumed. In 
no instance was there any indication of depressed function of the pars 
anterior as evidenced by hypoglycemic crises. 

In most cases the experiments were terminated at the close of the 
period of observation of food and water consumption. After the 



Fig. 3. — Low power photomicrograph of a longitudinal section through the 
hypothalamus and hypophysis stained by the Bodian method. The abbreviations 
are : m.b., mamillary body ; h, hypothalamus ; o.c., optic chiasm ; in v., third ven- 
tricle; i.c., infundibular cavity; pi., proximal portion of the infundibulum; p.t.v., 
pars tuberalis, vascular portion ; p.t.s., pars tuberalis solid portion ; p.a., pars 
anterior ; d.i., distal portion of the infundibulum. The letters p.i., indicating the 
infundibular process, are incorrectly placed, but arrow 2 identifies this structure. 
Arrow 1 indicates the area shown magnified in figure 2 (c) ; arrow 2 indicates 
area shown magnified in figure 2 (/). 

regimen of cage observation, one group of animals was placed in an 
outdoor breeding pen in connection with observations on reproduction 
(summer 1936). These animals became heavily infested with fleas. 
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and several deaths occurred before the cause of death was ascertained. 
The cats of this group included in the following report were found 
either in a state of collapse or shortly after death, so that adequate 
fixation of the brain tissue was obtained. 



Complete degeneration of the infundibular nerve ^ 

9 of the 22 animals. The tissues of 3 of these 
istrated in figures 1 and 2. Only 1 of these 9 
ydipsia; for 2 others there was a slight elevation in 

n. The water consumption was normal ^ deLrvated in 7 
naining 6 animals. The hypophysis was practically dene 
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additional animals, since only occasional nerve fibers remained in the 
pars nervosa. In some of the cases nerve fibers were present only in 
the posterior portion of the infundibulum, the anterior portion being 
devoid of fibers. Three of these 7 animals exhibited slight polydipsia, 
whereas the water consumption was normal or essentially so for the 
remaining 4. Severance of the infundibular nerve fibers was incom- 
plete in the remaining 6 animals in the group of 22. A large number 
of nerve fibers were present throughout the extent of the pars nervosa. 
One of these animals exhibited a slightly enhanced water intake, 
whereas the others showed no deviation from the normal. The fol- 
lowing description is typical of the series. 

The daily food and water consumption of the only animal (cat 5) 
which exhibited striking polydipsia is graphed at the top of figure 4. 
Note the typical abrupt onset of the permanent phase of the polydipsia 
during which the water intake ranged from 350 to 575 cc. per kilogram 
of body weight per day. There was an accompanying polyuria of the 
same magnitude. The food consumption was normal or slightly 
enhanced. Subsequent to tbe period graphed, fifty-fourth day, this 
cat was placed outside in the breeding yard until the eightieth day, at 
which time it was again placed on record for a week’s period. At this 
time the water intake remained consistently just above 300 cc. per kilo- 
gram of body weight per day. The cat was then returned to the breed- 
ing pen and was found in a state of collapse on the one hundred and 
second day after operation. At the time of operation the cat was in 
good physical condition, though tending to be lean. It weighed 1.7 
Kg. at that time. Just previous to death it weighed 2.2 Kg. Much 
intra-abdominal fat was noted at autopsy. Good silver preparations 
were not obtained because of poor fixation and because the hypophysis 
had been largely separated from the hypothalamus in removal of the 
brain. The hypophysis had been completely isolated at the time of 
operation, because the Nissl and Weigert preparations revealed that 
the hypothalamic tissue below the fornix and caudal to the optic chiasm 
was involved by the lesion. There was no apparent macroscopic 
encroachment on the epithelial portion of the hypophysis. 

The food and water consumption of cat 3 is graphed immediate^ 
beneath that of cat 5 in figure 4. Note that this cat’s water consumption 
did not exceed the preoperative intake in spite of a definitely enhanced 
food intake. The water intake for a period following operation was not 
obtained because it was daily contaminated with urine and feces. This 
cat, as is evident from the record of food consumption, remained in good 
health throughout the period of observation and exhibited no deviation 
from the normal in behavior either immediately after operation or 
subsequently. It weighed 2 Kg. at the time of operation and 2.2 Kg. 
when killed. It was killed on the fort}'-nintli day after operation. The 
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entire ventra,! tip of the hypothalamus was involved by scar tissue. In 
addition, the needle path reached at the level of the caudal extent of 
the optic chiasm dorsally and anteriorly well above the dorsal level of 
the chiasm. There was some naiTowing' of the infundibular tissue as 
well as some central disappearance of the tissue of the infundibular 
process, so that the infundibular cavity extended slightly into this 
structure. There was a decided increase in number as well as a decrease 
in size of the cellular elements of both the infundibular process and the 
infundibulum. The whole of the pars nervosa was devoid of nerve 
fibers. Most of these features are readily appreciated in a comparison 
of the photographs of portions of the infundibulum and infundibular 
process shown in c and d in figure 2 with like photographs taken of 
normal tissue and shown in e and f in figure 2. 

The food and water intake of cat 2 is graphed at the bottom of 
figure 4. This cat during the first three weeks after operation had a 
sluggish appetite, although it exhibited normal behavior in other 
I'espects. As the food consumption returned to normal or slightly 
above normal, the water consumption likewise rose above the pre- 
operative level. This cat, therefore, exhibited a suspected trace of 
diabetes insipidus, although this is not at all certain in the presence 
of the high food intake. At the time of operation it weighed 2.5 Kg. 
During the time of sluggish appetite the weight dropped to 2 Kg. This 
loss was regained by the time the cat was killed, the sixtieth day after 
operation. The lesion involved only the extreme ventral portion of 
the hypothalamus; however, the hypophysis was entirely separated, as 
the whole of the pars nervosa was devoid of nerve fibers. The tissue 
of the infundibulum was not narrowed ’as in cat 4, but there was some 
centi'al disappearance of the infundibular process. The whole of the 
pars nervosa exhibited an increase in the number and a decrease in the 
size of the cellular elements. Most of these features are illustrated in 
figure 2. 

The location and extent of the lesion in cat 1 are illustrated m 
figure 1. It is readily evident that the hypophysis was entirely isolated 
from the hypothalamus by scar tissue involving the ventral portion o 
the hypothalamus. Note also that the lesion involved the hypothalamic 
tissue just posterior to the optic chiasm, so that it is certain that a 
fibers coming from the anterior hypothalamus were cut. The ratier 
marked central disappearance of the tissue of the infundibular process 
is evident in a comparison of this structure, shown in h of 
with that of the normal infundibular process, shown in figure • ^ 

the same time it is seen at this low power that there was no 
of the infundibular tissue. The fact that there was no macros 
infringement on the pars anterior and only slight encroacimen 
pars tuberalis is particularly illustrated in c of figure 1. 
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is stained with phosphotungstic acid, whereas sections a, b and d are 
stained by the Bodian method. This cat at operation weighed 1.6 Kg. 
and eighty-three days later weighed 1.85 Kg., having lost weight 
immediately after operation. In this instance, food and water con- 
sumption was recorded only periodically after the eighteenth day after 
operation. The average food and water intakes per kilogram of body 
weight were : 

Third week after operation — food 55 Gm. ; water 115 cc. 

Sixth week after operation — food 115 Gm. ; water 120 cc. 

Tenth week after operation — food 125 Gm. ; water 150 cc. 

The graphed curves, therefore, were essentially the same as those for 
cat 2. It was listed in the statistical grouping as displaying slight poly- 
dipsia. The cat was in good health when last weighed, on the eighty- 
third da}^ after operation, and was found dead on the eighty-eighth day 
after operation. A fair injection was obtained, so that the location and 
extent of the lesion as evident from figure 1 were determined adequately. 

COMMENT 

It is immediately apparenf that in this series of experiments there 
was no correlation between the occurrence or the severity of polydipsia 
and the extent of degeneration of the infundibular nerve fibers. It is 
therefore doubtful that the polydipsia which follows certain hypo- 
thalamic lesions is primarily the result of sectioning either the whole or 
any part of the hypothalamicohypophysial system of nerve fibers. If the 
secretion of the antidiuretic principle were dependent on the intactness 
of these nerve fibers, we should have encountered a strikihg and con- 
sistent polydipsia (maximal for the cat) in each of the 9 animals in 
which they were completely degenerated. At the same time, the 7 
animals in which essentially all of these fibers were eliminated should 
have exhibited a pol 3 ^dipsia somewhat near the maximal. The results 
obtained were in contrast to such an expectancy. A striking polydipsia 
was encountered with 1 animal only, namely, cat 5. In the other ani- 
mals in which there was an increase or a suspected increase in water 
consumption, this increase was so slight as compared with that present 
in cat 5 that for purposes of analysis they all can be grouped with the 
animals in which no postoperative increase occurred. 

The absence of polydipsia following degeneration of the infundibular 
nerve fibers in one instance alone is a positive demonstration of the 
fallacy of the denervation theory, provided the elaboration of the anti- 
diuretic principle is confined to h 5 ’^poph 3 'sial structures and that no com- 
plicating factors entered into the experiment. We see one possible wa 3 ^ 
in which these experiments ma 3 ’’ have been complicated ; namel 3 f, we 
may have eliminated by our operative procedure the secretion of the 
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antidiuretic principle and, in addition, paralyzed the mechanism of the 
pars anterior which is essential for the occurrence of diabetes insipidus 
m Its maximal form. There are several investigations which suggest 
that the pars anterior mediates its effect in this respect by way of its 
thyrotropic principle.® The thyroid glands of these animals appeared 
normal grossly but were unfortunately accidentally discarded before 
liistologic studies were obtained. There was no outward evidence of 
hypothju'oid function and no indication of depressed function of the 
pars anterior as evidenced by hypoglycemic crises. There was in no 
instance any macroscopic evidence of involvement of the pars anterior of 
the. hypophysis. Nevertheless, the possibility of such a complication must 
be ruled out in another series of experiments designed to answer the 
question.^® 

• It should be pointed out that, assuming that these experiments were 
not complicated as has been outlined, they do not necessarily eliminate 
the possibility that the pars nervosa may be a structure which elaborates 
the antidiuretic principle. There were healthj'-looking cellular elements 
in the remaining tissue of the pars nervosa, which on the basis of their 
histologic structure might be suspected of a secretory function as readily 
as might the cellular elements in the normally innen'ated pars nervosa. 
Although there was a decided increase in the cellular elements of the 
pars nervosa following degeneration of the infundibular nerve fibers, the 
staining characteristics of the cells were not changed, as evidenced by 
cresyl violet preparations. This is illustrated in figure 3 of a previous 
paper.^®® Again, the denervation concept might hold with reference to 
the pars nervosa if. perchance, the tissue of the hypothalamus possesses, 
in common with the pars nervosa, antidiuretic secretor}'- powers.^^ ^Ve 


9. (ff) Barnes, B. O. ; Regan, J. F., and Bueno, J. G. : Am. J. Physiol. 
105:559, 1933. (b) Biasotti, A.: Compt. rend. Soc. de biol. 115:329, 1934. 

(c) Mahoney, W., and Sheelian, D. : Am. J. Physiol. 112:250, 1933. (cf) Keller, 


A. D.; Proc. Soc. Exper. Biol. & Med, 36:787, 1937. 

10. Since this paper was submitted for publication (December 1937) 
become clear that impairment of function of the anterior lobe would not niafena i 
complicate such experiments because, contrary to one school of thought,'' a 
ing pars anterior is not essential for the occurrence of permanent moderate ® ' 
insipidus (Keller, A. D.; Proc. Soc. Exper. Biol. & Med. 38 :j1, 1 j 
A m. J. Physiol. 123:111, 1938. White. H. L., and Heinbecker. P.: ihicl. • 
213, 1938).' This fact was shown particularly well in a series of e.x-penmeii 
8 dogs, in which we made certain of total hypophysectomy bj e i era e n . 
ment on the ventral portion of the hypothalamus. The animals, n it i a con 
intake, without exception showed permanent polydipsia, drin ing 5° 

300 cc. of water per kilogram of body weight per day. '^'^^^Interior u'a? 

continued six months or longer. Complete removal o ^ ^c, (2) 

evident because (1) sensitivity to insulin was increased twen i ’ 
removal of the pancreas resulted in no appreciab e la e ^ showed 

metabolism was lowered appreciably, and (4) thyroid and adrenal glands 

marked atrophy. 
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feel on the basis of oiir own experience witli the cat and the dog that 
the more traumatic the lesion in the h)'pothalamus the greater is the 
likelihood that diabetes insipidus will follow. Thus the ipcidence of 
severity and permanence of diabetes insipidus following lesions in the 
ventral hypothalamus, designed to sever all infundibular nerve fibers, is 
greater for the dog than for the cat. This may well be due to the much 
greater active vascularization of the hypothalamic region in the dog, 
which enhances the destructiveness of the lesions. 

With reference to the changes encountered in the pars nervosa, the 
extent of central disappearance of the infundibular process as well as 
the thinning of the infundibulum was variable and could not be corre- 
lated with the e.xtent of the degeneration of the infundibular nerve 
fibers. This fact is amply demonstrated with reference to the infundibu- 
lum in figure 2. Thus, in cat 4 the infundibulum was considerably 
thinned even though all the nerve fibers were not degenerated. In 
cats 2 and 3 all the nCrve fibers were degenerated; the infundibulum 
was not encroached on in cat 2 but was markedly narrowed in cat 3. 
Therefore, the central disappearance of the tissue of the pars nervosa 
bordering on the infundibular cavit)' was due to some factor other than 
the degeneration of the infundibular nerve fibers. We are now certain 
that this is true of the dog also, because we have succeeded in degener- 
ating all the infundibular nerve fibers, both by a lesion in the ventral 
hypothalamus and by section of the stalk, without any central disappear- 
ance of the tissue of the infundibular process. The increased cellularity, 
on the other hand, would seem to be in part the direct result of degener- 
ation of the nerve fibers and probably is due to a phenomenon similar to 
the cellular proliferation which follows any degeneration within the 
central nervous system. 

On the basis of comparative data for the rat and the dog. it is 
doubtful that the maximum severity of diabetes insipidus for the cat 
was encountered with cat 5. It seems certain that the polydipsia of this 
cat was far greater than the maximum encountered by Fisher and 
Ingram. This may have been merely the reflection of a larger food 
consumption with a higher salt content than that of the cats in the 
Chicago series. Flowever, this factor alone hardly seems sufficient to 
explain this difference in magnitude of the polydipsia encountered. 

SU.AtMARY 

The hypophysis was isolated from its entire direct hypothalamic nerve 
supply in several cats without eliciting any appreciable polydipsia. 

10a. Keller, A, D. ; Noble, W., and Hamilton, J. W., Jr.: Am. J. Phvsiol. 
117:467, 1936. 

11. Keller, A. D. ; Noble, W., and Hamilton, J, W., Jr.: Proc. Soc. E.xper. 
Biol. & Med. 34:794, 1936. 
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In an earlier series of four papers ive presented a brief account of 
our experience up to October 1933 in the treatment of infections due 
to hemolytic streptococci by use of the concentrated antistreptococcus 
serum of the New York state department of health. Our results at 
that time indicated a favorable effect of the serum, although the observa- 
tions were not regarded as conclusive. We quote a paragraph from 
the first of these papers : ^ 

In some diseases the natural course of the malady, when uninfluenced by thera- 
peutic meddling, tends to follow a more or less definite schedule and to terminate 
in recovery or in death. In other disorders the course tends to be variable, and 
the complications and the eventual outcome are lacking in uniformity. Infections 
with the hemolytic streptococci belong in the latter category. On that account 
the appraisal of any therapeutic agent for streptococcic infections is made difficult, 
and any decisive statement in regard to this matter is calculated to promote con- 
troversy rather than conviction. 

Certainly more light is needed. The recognition of different sero- 
logic types of hemolytic streptococci by Griffith - warrants the hope for 
further improvement in the therapeutic efficiency of serums for infec- 
tion by these organisms. Evidence indicating the positive value of 
serum at present available may be expected to encourage further 
attempts to prepare more potent serum. The use of such serum in con 
junction with other therapeutic agents, such as the sulfonamides and 

From the Department of Pathology and Bacte^iolog>^ New York Post- 
Graduate Medical School and Hospital, Columbia University. 

1. Sheplar, A. E.; Spence, M. J., and MacNeal, W. J.: Therapeutic Use of 
Concentrated Anti- Streptococcus Serum of the New York State Departmen o 
Health, Arch. Surg. 29:858-865 (Nov.): 1065-1075 (Dec.) 1934; 30:1-13 (Jan.;, 
357-370 (Feb.) 1935. 

2. Griffith, F.: Serological Classification of Streptococcus Pyogenes, J. .£■ 
34:542-584 (Dec.) 1934. 
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the bacteriophages, challenges investigation. The untoward eflfects of 
injections of serum also require further elucidation. Some attention 
will be given to these questions in the present consideration of our 
additional cases in which streptococcus serum therapy has been employed 
since 1933. 



Chart 1. — Distribution according to age and sex of 92 patients treated with 
streptococcus serum. The hollow circles indicate survivals, and the solid black 
circles indicate deaths. 

The entire series of cases will be presented. It is easy to pick out 
for exhibition a few startling examples of success and to conceal the 
failures, thus giving support to the pretense that some particular method 
of treatment yields miraculous results. We wish not to do this. It is, 
however, only fair to say that the patients in our series have come 




Dala on Si.vty-Six Patients 


No. 

Date 

1933 

Patient 

Se.x 

27 

Oct. 16 

T. B. H. 

M 

2S 

Oct. 28 

JI. P. 

F 

29 

Oct. 31 

B. C. 

M 

30 

Nov. 22 

S. T. 

F 

31 

Dec. 7 

F. C. 

M 

32 

Dec. 20 

1934 

H. H. 

F 

33 

Jan. 14 

B. F. 

M 

34 

Jan. 17 

C. F. 

M 

35 

Jan. 25 

A. F. 

M 

36 

Jan. 26 

P. W. 

M 

F 

37 

Feb. 14 

K. B. 

SS 

Mar. 3 

W. R. B. 

F 

39 

Apr. 7 

J. M. 

M 

40 

Apr. 16 

J. D. 

M 

41 

Apr. IS 

N. M. 

F 

42 

June 6 

L. I. 

F 

43 

July 1 

P. F. 

F 

44 

July 25 

D.5I. 

F 

45 

July 80 

E. 0. 

F 

46 . 

Aug. 18 

L. R. 

F 

47 

Nov. 29 

1935 

E. 0. 

JI 

48 

Jan. 8 

O. F. 

M 

49 

Jan. 11 

J. B. 

F 

50 

Jan. 12 

S. S. 

F 

51 

Jan. 12 

J. Z. 

M 

52 

Feb. 15 

R. N. 

M 

53 

Feb. 28 

A. 0. 

F 

54 

Mar. 2 

B. A. 

M 

55 

Mar. 4 

M. B. 

M 

56 

Mar. 5 

M. L. 

M 

57 

Apr. 3 

W. T. 

M 

5S 

Apr. 10 

J.P. 

.M 

59 

Apr. 25 

E. K. 

M 

60 

Apr. 29 

J. G. 

F 

61 

May 1 

W. F. 

M 

62 

May 7 

E. F. 

M 

63 

May 8 

R. G. 

M 

64 

May 11 

L. S. 

M 

65 

May 16 

C. R. 

M 

66 

May 20 

A. P. 

P 

67 

June 5 

M. M. 

P 

68 

June 9 

M. H. 

F 

69 

July 22 

W. L. 

M 

70 

Sept. 14 
1936 

L. C. 

M 

71 

Jan. 25 

J. J. 

P 

72 

Jan. 28 

A. O. 

J1 

73 

Feb. 10 

D. B. 

F 

74 

Feb. 21 

E. M. 

F 

75 

Mar. 18 

H. T. 

M 

76 

Mar. IS 

T. L. 

F 

77 

Mar. 30 

S. R. 

M 

78 

Apr. 3 

IV. H. 

M 

79 

Apr. 29 

IV. B. 

M 

SO 

Mar. 6 

A. S. 

F 

SI 

May 10 

J. N. 

JI 

82 

June 15 

B. G. 

M 

S3 

Nov. 2 

E. S. 

M 

84 

Nov. 25 

X. G. 

F 


■^ss Condition at Onset 

29 Compound fracture 

4G Fracture of right leg; pharyngitis 

14 iUastoiditis 

9 Rheumatic fever 

Adult Cellulitis of Anger 

2VS Cellulitis of right arm 

5 ■ Meningitis 

l^'/ie Recurrent otitis media 

10 Cellulitis of leg 

37 Postoperative infection 

7 Mastoiditis 

30 Ulcers of leg 

10 Meningitis 

44 Cellulitis of leg 

Child Meningitis 

4% Otitis media 

S Peritonitis 

35 Cellulitis of right leg 

31 Puerperal sepsis 

22 Puerperal sepsis 

30 Mediastinitis drained 


14 Osteoins'elitis, pericarditis 

SO Mastoiditis, meningitis 
C2 Cellulitis of hand 
1 Pneumonia: otitis media 

02 Mastoiditis; sepsis 

45 Postoperative 

li/i2 Abscess of neck 

C Otitis media 

4 Suppurative knee joint 

56 Postoperative 

“^12 Temperature IOC F. Apr. 9 

62 Postoperative 

*/i 2 Otitis media; cervical abscess 

°/i2 Erysipelas 

1*4 Osteomyelitis 

40. Cellulitis of arm 

5 Otitis media 

56 Postoperative 

Peritonitis 

4 Otitis media; sepsis 

50 Diabetes: abscesses 

GS Cellulitis of ann 

21 Osteomyelitis 

Adult Pharyngitis 

3." Postoperative meningitis 

22 Pneumonia: empyema; sepsis 

50 Perforated esophagus 

14 Empyema 

32 Pneumothorax 

29 ;- i; i.!!r.:::’’:iti' 

43 t-li'-- " edia 
8 

45 vngitis 

44 Meningitis and mastoiditis 

20 Fracture of skull; meningitis 

,SS Chronic colitis 

34 Leukemia 


Operations 


Oct. 4, Oct. 17 

Nov. 10 , Xor. 14, Dec. S 

Oct. SI, A’ov. 29 

None 

None 

Dec. 20 


Jan. 13 
Previous 
Jan. 23, Mar. 5 
Jan. 22 

Feb. IS, Mar. 15 
Kone 

Apr. 1, Apr. 7 
Apr. 12, 24, May 2 
Apr. 10 
June 5 

June 25 
July 27 
July 16 
None 

Sept. 30, Oct. 15, Nov. 
19, 2C, Dec. 4, 10 


Jan. 6, 23 
Jan. 6 

Dec. 27, SO, Jan. 9, 13, 
Jan. 10, 12, 10, 2S, 
Mar. 2S 
Feb. S, 12 

Feb. 24 
Feb. 18 
Mar. 4 
Mar. 2 
Mar. II 

None 
Apr. IS 

Mar. 30, Apr. 20 
None 

Apr. 22, May 7, 10 

May 10, 18 
Mays, 10 
Apr. 16 
May 25 
May SI, June 1 

None 
July 15 
Previously 


None 

Jan. 23, 20, 23 
Feb. 9, 10, II, IS, 2! 
Feb. 13 

Mar. 13, SO, .31. 

Apr. 2“» 2S 
Feb. 12,14,15, 22, 

Mar. 0, 12 t o 

Mar.25, OG.Apr.l.O.- 

Apr. 1, 3, 10 
Apr. 17, 27, Ifay 3, 1= 
Apr. 24 

Uayl5 
rune 11, 14, 22 
done 
fan. 7, 9 


55 

56 
87 
8S 

89 

90 

91 

92 


1937 
Jan. 14 
Jan. 29 
Feb. 16 
Feb. 21 
Apr. 18 

May IS 

May 18 
July 3 


G.P. 
R. W. 

V. E. 
E.R. 
K. 0. 

B. D. 

P. F. 
B. S. 


M 

F 

M 

F 

F 

M 

M 

F 


32 

54 

34 

25 
40 

42 

.5S 

26 


Sinusitis 
Cellulitis: sepsis 
Mastoiditis 
Cellulitis of face 
Cavernous sinus; sepsis 

Otitis: sepsis: pneumonia; endo- 
carditis (?) 

Bacterial endocarditis 
Chronic colitis: rheumatic fever 


.Tan. 12 

None 

Feb. 10 

None 

None 

None 

None 

None 


» “NTS cone.” or “N.T.S. reg.” indicates New York state concentrated or regular streit 
LD., Parke, Davis & Co. serum, bilological 200e. 




Treated ivilli Streptococcus Serum 


Positive Blood Culture Time ot Scrum Therapy 


Oet. 12 , 10 , la, 23 

Oct. 10-Dec. 13 

Mono 

Oct. 23-Dcc. 27 

Oct. 2S, 39, Nov. 3, S, 17 

Oct. 31-Nov. 10 

None 

Nov. 22-.4pr. 24 

None 

Dec. 7-Dcc. 10 

Dec. IS 

Dec. 20-Dec. 22 

None 

Jan. 14- Jan. 21 

None 

Jan. 17-Jnn. 20 

None 

Jan. 25 

None 

Jan. 20-27 

Feb. 12, 13, U 

Feb. 14-Fcb. 22 

None 

Mar. 3-Mar. S 

None 

Apr. 7-Apr. 12 

Apr. 1C 

Apr. IG-Apr. 17 

None 

Apr. IS-Apr. 23 

June 4, 0, 7, S, IS, 20 

June G-June 9 

•Tune 20 

July 1 

July 30 

July 25-July 20 

July 23 

July 30 

None 

Aug. IS 

None 

Nov. 29 

Jan. 23, 25 

Jan. 20 

None 

Jan. 11-Jan. 13 

None 

Jan. 12 

Jan. 11 

Jan. 12-13 

Feb. 11, la, 10 

Feb. 13-10 

None 

Feb. 28 

Mar. 1, 3, i, 5, 7, 9, 13 

Mar. 2-Mar. S 

Mar. 4, and others 

JIar. 4-14 

None 

Mar. 5-0 

None 

Apr. 3 

Apr. 10 

Apr. 12-13 

None 

Apr. 24-25 

Apr. 27 

Apr. 29-May 3 

May 2 

May 1 and May 3-May 7 

Staph, pos.. Strep, nog. 

May 7, 1933-Mar. 19, 1930 

None 

May S-June 4 

May 9 

May 11-July 11 

None 

May 10, 20, 29, June 2 
May 20 

May 25 

June 2, 10 

Juno 5-Juno 17 

None 

June 9-Juno 12 

None 

July 22-July 31 

None 

Sept. 14, 1935, Jan. 24, 
1937 and Mar. 0, 1937 

None 

Jan. 25-Jan. 20 

None 

Jan. 28-Jnn. 30 

Feb. 10 

Feb. 10-Apr. 0 

None 

Feb. 21-Mar. 3 

None 

Mar. IS-May 31 

None 

Mar. 18-Mar. 27 

None 

Mar. 30-June 30 

None 

-tpr. 3-May 19 

.4pr. 29 

Apr. 30-May 18 

None 

May O-May 20 

None 

May 10 

None 

June 15-June 19 

None 

Nov. 4-Jan. 23 

None 

Nov. 25-Feb. 2 

None 

.Tan. 14-Jnn. 21 

.Tan. 28 

Jan. 29-Fcb. 9 

None 

Feb. IG-Feb. 28 

None 

Feb. 21-Fcb. 28 

Apr. 10 

Apr. IS-May 29 

May 7, S, 22, June 0 

May 18-June 13 

Repeated Str. viridans 

May IS-July 4 

None 

July 3-.Aug. 7 


Seruiu Used* Comment 


N.Y.S. cone. 118,170 units 

N.Y.S. cone. 024,000 units 

N.Y.S. cone. 355,400 units 

N.Y^.S. cone. app. 24,052 units 

N.Y'.S. cone. 7,500 units 

N.Y.S. cone. 40,000 units 

Recovered 

Died Dec. 27 
Recovered 

Lived 

Recovered 

Recovered 

N.Y'.S. cone. 400,000 units 

N.Y.S. cone. 18,000 units 

N.Y.S. cone. 20,000 units 

N.Y'.S. cone. 80,000 units 

N.Y'.S. cone. 240,000 units 

Died Jan. 23 

Had prompt relief 
Recovered 

Recovered 

Recovered 

N.Y.S. cone. 00,000 units 

N.Y'.S. cone. 108,000 units 

N.Y.S. regular 15,000 units 

N.Y.S. cone. 440,000 units 

N.Y.S. cone. 200,000 units 

Unimproved 

Recovered 

Recovered 

Died Apr. 25 
Recovered 

N.Y'.S. cone. (1.95 ce.) 3,510 units 
N.Y.S. cone. 51,020 units 

N.Y.S. cone. 3,000 units 

N.Y.S. cone. 00.000 units c 

N.Y'.S. cone. 40,000 units 

“Serum death” 
Recovered 

Recovered 

Died. Aug. 19 
Recovered 

N.Y.S. cone. 00,000 units 

N.Y.S. cone. 38,000 units 

N.Y'.S. cone. 65,000 units 

N.Y'.S. cone. 120,000 units 

Died Jan. 27 

Died Jan. 14 
Recovered 

Recovered 

N.Y.S. cone. 100,000 units 

Died Feb. 17 

N.Y'.S. cone. 40,000 units 

N.Y'.S. cone, and rcg. 170,000 units 
N.Y.S. cone. 140,000 units 

N.Y.S. cone. 00,000 units 

N.Y.S. cone. 23,000 units 

Recovered 

Recovered 

Died Apr. 5 
Recovered 

Recovered 

N.Y.S. cone. 40,000 units 

N.Y.S. reg. 50,000 units 

N.Y.S. cone. 100,000 units 

N.Y.S. rcg. and cone. 50,000 units 
N.Y.S. cone. 524,200 units and 

P.D. 17.5 CO. 

Recovered 

Died Apr. 25 
Recovered 

Died May 8 
Recovered 

N.Y.S. cone. 170,000 units 

N.Y.S. cone. 804,400 units 

N.Y.S. reg. 70,000 units 

N.Y.S. cone. 40,000 units 

N.Y.S. cone. 150,000 units 

Recovered 

Recovered 

Recovered 

Died May 20 
Recovered 

N.Y.S. cone. 20,000 units 

Eli Lilly 

P.D. 23.03 ec. 

Recovered 

Recovered 

Improved 

P.D. 20 cc. 

P.D. 49 cc. 

P.D. 700 cc. 

P.D. 83.0 CC. 

P.D. 157.83 cc. 

Recovered promptly 
Died Jan. 31 

Healed 

Improved 

Recovered 

P.D. 87 cc. 

Recovered 

P.D. 8.242 CC. 

P.D. 150.71 ec. 

P.D. 2 CC.. N.Y'. reg. 91,.500 units 

F.D. 14.54 cc. 

Improved 

Recovered 

Recovered 

Recovered 

P.O. 20 cc. 

P.D. 41.005 cc. 

P.D. 102 2 cc. 

P.D. 322.9 cc. 

Died May 17 

Died June 20 
Improved 

Died Feb. 3 

P.D. 13.1 cc. 

P.D. 18.53 ce. 

P.D. 13.0 cc. 

P.D. 20.81 cc. 

P.D. 238.5 cc. 

Recovered 

Cellulitis cured 

Had rapid healing 
Recovered 

Recovered 

P.D. 340 cc. 

N.Y'.S. cone, 130,080 units 

P.D. 48.7 cc. 

P.D. 7.33 cc. 

Died .lunc 14 

Died .Tilly 7 

Improved 
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to our attention not in the course of private clinical service but by 
reference or by request for consultation and, in general, only after the 
condition had been recognized as desperate. In our earlier report we 
piesented the records of 26 patients. For the present discussion there 
are data on 66 further patients. The cases are listed in chronologic 
order, according to the date of institution of serum therapy, in the 
accompanying table. Various clinical conditions are represented. We 
purpose to group the cases according to regional specialty and to discuss 
in more detail each such group in the subsequent papers of this series. 
In the present paper only the more general features will be discussed. 

The age and sex distribution of the entire 92 patients, including the 
26 of our previous report and the present 66, is indicated in chart 1. 
The youngest patient was a boy aged 19 days and the oldest a woman 
aged 80 years. Evidently there is no exemption from streptococcic 
infection at any age or in either sex. 

In the present group of 66 patients, 18 died and 48 recovered from 
the streptococcic infection ; the death rate, therefore, was 27.3 per cent. 
Some of the deaths were evidently due to causes not directly related to 
infection with hemolytic streptococci, while others were due to such 
infection which was not controlled by treatment. A brief review of 
each fatality will be undertaken. 


REPORT OF CASES 

Case 62. — W. F., a boy aged 5 months, was admitted to the hospital on 
April 30, 1935, with an infection of the upper respiratory tract, present since 
April 23. On admission there was purulent rhinitis. There were also swelling 
of the right lower part of the face and erysipelas of the face, the neck and the 
upper part of the thorax. On May 1, 10.5 cc. of erysipelas antitoxin (Squibb) 
was given in divided doses into muscle. On May 2, a culture of the blood was 
made, which later gave a positive growth of hemolytic streptococci. Another 
ampule of erysipelas antitoxin was given on this day. On May 3, as the culture 
of the blood was yielding bacteria, a transfusion of 150 cc. was given and also 
10,000 units of the concentrated streptococcus serum of the New York state depart- 
ment of health. The child was exposed to ultraviolet radiation for two minutes. 
The dose of serum was repeated on May 4. On May 5 a culture of the blood ^ws 
taken, and this remained sterile; 20,000 units of the same serum was given. n 
May 6, the culture remaining sterile, the concentrated serum was discontinue , 
and 5,000 units of unconcentrated streptococcus serum (New York state) "3® 
given intravenously. This dose of serum was repeated on May 7, intravenous). 
The baby died at 2 : 45 p. m.. May 8. Permission for necropsy was not obtained. 
The clinical diagnosis at the end was pneumonia of the upper lobe of the le t ung 
Case 67.— A. P., a girl aged 8 months, was admitted to the hospital on 
1935, with high fever (temperature 104.6) and a distended, tense abdomen, 
rotomy on this same day disclosed generalized peritonitis without . 

primary focus. Cultures of the blood and of the peritoneal fluid gave a p 
growth of hemolytic streptococci. On May 26, when these cultures 
we were asked to see the infant. Concentrated streptococcus J ^ _cus 

state), 40,000 units, was given in divided doses, and 30 cc. of stock P 
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bacteriophage in 'asparagine medium was introduced into the peritoneal cavity 
along the surgical drain. The patient died at 11 : 45 p. m., May 26. Necropsy was 
not permitted. 

Case 33. — B. F., a boy aged 5 years, was admitted to the hospital on Jan. 12, 
1934, with otitis media on the left side, a temperature of 104.6, and signs of 
meningitis. A spinal tap on this daj' yielded cloudy spinal fluid containing hemo- 
lytic streptococci. On Januar}’- 13 a mastoidectomy was done on the left side. 
On January 14, treatment with concentrated streptococcus serum (New York 
state) was started, 20,000 units into the spinal canal and 20,000 units intravenously, 
and the serum was continued daily through January 21, in increased amount toward 
the last, to a total of 200,000 units into the spinal canal and 260,000 units intra- 
venously. The patient died January 23 at 3 ; 30 a. m., and necropsy disclosed 
generaliaed purulent meningitis and bronchopneumonia of the lower lobe of the 
right lung. 

Case 56. — M. B., a boj^ aged 6 years, was admitted to a hospital in Westchester 
Count}' on Feb. 27, 1935, with otitis media and a temperature of 104 F. Mas- 
toidectomy was performed on March 4. Cultures of the blood made on March 4 
and several times thereafter gave a positive growth of hemolytic streptococci. 
Concentrated streptococcus serum (New York state) was given in the period from 
March 4 to Afarch 14, a total amount of 140,000 units. Apparently it was then 
discontinued. Bronchopneumonia and multiple pulmonary abscesses developed. 
The child died April 5. 

Case 43. — P. F., a girl aged 8, was admitted to the hospital on June 25, 1934. 
On the next day laparotomy was performed and the appendix was removed. Gen- 
eralized peritonitis without recognizable focus was present. Hemolytic streptococci 
were found in culture of the peritoneal fluid and also in culture of the blood. 
Concentrated streptococcus serum (New York state) was given on July 1, pro- 
ducing fatal anaphylactic shock. (This case will receive more detailed considera- 
tion when we come to discuss serious untoward serum reactions and their 
prevention.) 

Case 41. — N, Af., a girl aged about 10 years, was seen by us at Dobbs Ferry, 
N. Y., on April 18, 1934. Spinal tap at this time yielded a turbid fluid containing 
hemolytic streptococci. Concentrated streptococcus serum (New York state) was 
administered into the spinal canal and intravenously. The patient seemed to 
improve for a time, but we learned subsequently that she died April 25, 1934. 

Case 49. — C. F., a boy aged 14, was admitted to a hospital on Jan. 4, 1935, 
with osteomyelitis of the right ilium. He had been ill since Dec. 30, 1934. Cul- 
tures of blood on January 4 and January 5 gave a positive growth of staphylococci. 
On January 5 an operation for drainage of the ilium and counterdrainage of the 
hip was performed, and a transfusion was given. The temperature reached 106. 
Staphylococcus bacteriophage was administered. On January 23 pericardostomy 
was performed. A culture of the blood was reported on January 26 as yielding 
streptococci but not staphylococci. Concentrated streptococcus serum (New York 
state), 60,000 units, was given on January 26, The patient died January 27. 

Case 82. — B. G., a man aged 20, was injured in an automobile accident 
May 30, 1936, and was transferred to the New York Post-Graduate Afedical 
School and Hospital on June 10, 1936. On June 11 a bilateral cerebral explora- 
tion was performed without discovery of an}' purulent focus. On June 13 pus was 
aspirated from an abscess over the sacrum; this pus contained hemolytic strepto- 
cocci. Bacteriotherapy was requested and initiated on June IS, and streptococcus 
serum (Parke, Davis & Co., biological 2005) was given daily from June 15 to 
June 19, the total amount being 41.005 cc. The sacral lesion improved. A sup- 
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purating laceration of the face contained staphylococci, and on this account staphy- 
lococcus bacteriophage was administered on June 23 and 24. The patient died mi 
June 26, and at necropsy, in addition to the external lesions of the face and the 
sacium and the surgical wounds of the skull, there was disclosed a fracture of 
the base of the skull with basilar meningitis apparently extending from a lacerated 
sphenoid sinus. 


Case 47. L. R., a woman aged 22, was a private patient whom we did not see. 
She was delivered of a child at 8:11 p. m. on Aug. S, 1934. Her temperature 
lemained normal until 8 a. m. on August 8 and then rose, reaching 104.4 F. at 
8 p. m. on that day. Cultures of material from the uterine cervix on August 14 
yielded a growth of Streptococcus viridans and Staphylococcus albus. Another 
culture made from the uterine discharge on August 17 yielded a growth of hemo- 
lytic streptococci. No culture of the blood yielding bacteria was ever obtained. 
Pneumonia u’as recognized on August 16, and it became progressively more serious. 
On August 18 concentrated streptococcus serum (New York state) was given in 
divided doses to a total amount of 60,000 units, without evident effect The patient 
died at 12:15 p. m. on August 19. 

Case 72. — A. C., a man aged 33, was admitted to the hospital on Jan. 22, 1936, 
and on January 23 a laminectomy was performed for neoplasm of the spinal cord. 
On January 26 the surgical wound was found to be grossly infected, and revision 
of the wound disclosed an abscess containing 10 to 15 cc. of pus. The cultures 
yielded hemolytic streptococci. A culture of blood made on January 27 remained 
sterile. On January 28 further revision of the wound released more purulent 
collections. Streptococcus serum (Parke, Davis & Co., biological 2005) was given 
intravenously after the usual series of desensitizing doses, a total amount of 19 cc. 
on January 28, 10 cc. on January 29 and 10 cc. on January 30. The patient 
died January 31. Necropsy was not permitted. 

Case 84. — X. G., a woman, aged 34, the wife of a physician, was admitted to 
a neighboring hospital on Nov. 25, 1936. She had a persistent extensive and deep 
ulceration of the left side of the mouth and the blood picture of myelogenous leu- 
kemia with high grade anemia. The gangrenous ulcer of the mouth contained a 
mixture of micro-organisms, among which hemolytic streptococci, staphylococci, 
fusiform bacilli and spirochetes were conspicuous. Along with daily transfusions 
and chemotherapy with sulfanilamide and neoarsphenamine the patient received 
staphylococcus bacteriophage and streptococcus serum (Parke, Davis & Co., 
biological 2005). The total amount of serum used was 323 cc. It was given 
daily from Nov. 25 to Feb. 2, 1937. The patient died February 3. early in the 
morning, apparently from meningitis caused by extension of the lesion o t ie 
mouth into the left orbit and along the optic nerve. An attempt at surgical ram 
age of the orbit had been made. Bacteriologic examinations of the slowly pro 
gressive lesion indicated the suppression of the streptococci and the staphj ococ ^ 
For a time there seemed to be relative remission of the leukemia, but t le 


picture of leukemia again returned shortly before death. 

Case 90.— B. D., a man aged 42, was admitted to the New York Post-Graduate 
Medical School and Hospital on May 17, 1937, by transfer from another hospu^^ 
Early in April he had pharyngitis, and later, otitis media on the rig si 
spontaneous rupture of the tympanic membrane. Early in May he ha - 
chill, and he entered the first hospital on or about May 6 . diagnosis 

the blood yielded hemolytic streptococci. On Ifay 11 a roentgeno g: 
of bilateral mastoiditis was made. The temperature ranged (the 

Sulfanilamide, 15 grains every three hours by mouth, aphthalenc- 

disodium salt of 4-sulfamidophenyl-2'-azo-7 -acetylammo- - > ^ ^, 3 ^ doses 

3 ' 6 '-disulfonic acid) 50 cc. every twenty-four hours m diuded mtra - 
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was administered. The patient became cyanotic. On May 13 pneumonia and 
pleurisy in the right lower quadrant of the thorax were so distressing that this 
side was taped. The patient was transferred to the New York Post-Graduate 
Medical School and Hospital May 17, in an unsatisfactory condition, in the hope 
that serum therapy might be of help. On May 18 a culture of the blood was made, 
and this remained negative. Metliemoglobin was detected by spectroscopic exam- 
ination of the blood. Cultures of the blood made on May 22 and June 6 yielded 
bacteria. The painful pleurisy on the right side disappeared, but the physical signs 
of airless portions of lung persisted. Roentgen study of the thorax revealed patches 
of infiltration in both lungs but no evidence of pleural effusion. A thoracentesis on 
the right side was done on June 7, but only 3 cc. of bloody fluid, containing a few 
flakes of fibrinopurulent membrane, could be obtained. Irregular cardiac action, 
rapid pulse, low and variable blood pressure and paroxysmal dyspnea, together 
with the patchy distribution of the pneumonia, led to the strong suspicion of tri- 
cuspid vegetative endocarditis. The patient died at 7 ; 20 a. m., June 13. Necropsy 
was not permitted, so the scientific value of the case is seriously impaired. 

Because of the apparently unfavorable progress and the evident methemoglo- 
binemia, the administration of sulfanilamide was interrupted on May 17. Strepto- 
coccus serum (Parke, Davis & Co., biological 2005) was given in divided doses 
on May 18 to a total amount of 25.15 cc. and was continued daily until June 2, 
the total amount used being 340 cc. for the sixteen days. Subsequently the con- 
centrated serum of the New York state department of health was used, from 
June 3 to June 13 inclusive, the total amount being 76.1 cc. in eleven days. Sulf- 
anilamide was again given by mouth on May 23 and thereafter; prontosil soluble 
was injected intravenously, and a specific bacteriophage prepared for the strepto- 
coccus yielded by culture of the patient’s blood was used intravenously, beginning 
on June 3, Transfusions were given daily from June 3 to June 13. Various con- 
sultants saw this patient during his illness. There were no important differences 
of opinion. 

Case 81. — J. N., a man aged 44, was admitted to the hospital April 28, 1936, 
with chronic inflammation of the paranasal sinuses, acute pharyngitis and an 
abscess along the lower jaw. On May 6 the abscess was incised. On May 15 
the patient had a chill lasting thirty minutes and became stuporous. A culture 
of the blood, made at this time, remained sterile. Spinal tap yielded cloudy fluid 
showing pus cells and streptococci in the direct microscopic examination and, on 
culture, hemolytic streptococci. At 12 midnight a simple mastoidectomy was per- 
formed, and cultures of material from the mastoid also showed streptococci. On 
May 16 serum therapy was requested, and multiple doses to a total amount of 
26 cc. were given from 12 ; 38 to 3 : 48 p. m. The patient then went into a chill 
lasting thirty minutes, and the serum was discontinued for the day. He died at 
4 a. m. on May 17. Necropsy was not permitted. 

Case 28. — M. P., a woman aged 46, was admitted to the hospital on Oct. 27, 
1933, with compound fracture of the right leg, acute pharyngitis and a temperature 
of 104.8 F. Concentrated streptococcus serum (New York state) was given in 
divided doses on October 28 to a total of 37,000 units and was continued from 
October 30 to November 5, at which time the infection seemed to be controlled. 
After a transfusion on November 8, an operative revision of a slough was 
undertaken on November 10 and another on November 14. Evidence of renewed 
local inflammation led to the request for further serum therapy, and this was 
begun on November IS and continued almost daily to the end. Soluble pheno- 
barbital U. S. P. (sodium phenobarbital) was given on November 1 and Novem- 
ber 3; sodium amytal was given, beginning on November 10, for distressing pain 
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in the leg, and the doses of barbiturates were considerably increased after a further 
surgical revision of the wound in the leg on December 8.. The danger of bar- 
biturate therapy was not appreciated at that time (November 1933). 

The blood count on November 6 showed 2,800,000 erythrocytes and 48 per cent 
hemoglobin; 12,550 leukocytes and 82 per cent of polymorphonuclears. On 
November 9, after transfusion on the previous day, the erythrocytes numbered 
3,150,000 and the hemoglobin was 62 per cent; the leukocytes numbered 7,850, with 
72 per cent pol3'morphonuclears. On November 22, twelve days after the adminis- 
tration of sodium amytal was started, the leukocyte count was 4,100, with 11 per 
cent polymorphonuclears. Pentnucleotide was given. On November 27 the leuko- 
cyte count was 4,800, with 36 per cent polymorphonuclears, and on November 29 
it was 7,700, with 38 per cent- polymorphonuclears. After the operation on 



Chart 2 (case 28). — Abridged clinical record of M. P., a woman aged 4 . 
The infection present on admission seemed to respond well to serum therapj, an 
the recrudescences of the infection following surgical treatment of the ICo 
November 10, November 14 and December 8 seemed to be controlled in a satis 
factory manner. Agranulocytosis became evident on November 22, and this vas 
evidently the chief factor in bringing about the fatal termination. 


December 8 the dose of sodium amytal was increased somewhat. Examina i 
of the blood disclosed a progressive fall of the percentage of polymorp lonuc 
leukocytes, as follow's : Poh'morpho- 


Date 
Dec. 11, 
Dec. 13, 
Dec. 14. 
Dec. 15. 
Dec. 16. 
Dec. 18. 


Leukocj'tes 

4,050 

8,850 

8.250 
7,500 
6,400 

3.250 


nuclears, So 

54 

42 

17 

16 

2 

0 
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After this date polymorphonuclear leukocytes were not again seen in the blood of 
this patient. On December 20 the gums became swollen and painful. Progressive 
ulceration soon appeared in the mouth and pharynx, and the tissues about the 
lower jaw and the neck became swollen. On December 21 perianal edema was 
noted. The patient died December 27. At necropsy there was extensive ulcera- 
tion in the mouth, the pharynx, the small intestine and the large intestine, with 
hemorrhage into the intestine. The total amount of streptococcus serum used in 
this case was 624,000 units. It is evident that the serum did not furnish protection 
from the dangers of toxic agranulocytosis. 

Case 91. — P. F., a man aged 58, was admitted to the hospital on May 17, 1937, 
with aortic vegetative endocarditis, Str. viridans in the blood stream, aphasia and 
residual hemiplegia from a cerebral insult which had occurred about April 10, 
1937. In conjunction with other therapeutic measures, small doses of streptococcus 
serum (Parke, Davis & Co., biological 2005) were given daily without any evident 
effect. After a second stroke, on June 23, the patient died on July 7. Necropsy 
disclosed active vegetations on the aortic valve, bilateral softening of the internal 
capsule of the cerebrum, due to embolic block of both middle cerebral arteries, old 
on the left side and more recent on the right side. 

Case 53. — R. N., a man aged 62, was admitted to the hospital on Feb. 8, 1935, 
because there had been a discharge from his left ear since Dec. 8, 1934. Mas- 
toidectomy was performed on the day of admission, and culture of material from 
the mastoid gave a growth of hemolytic streptococci. On February 10 the patient 
had a chill. A culture of the blood made on February 11 gave a positive growth 
of hemolytic streptococci, about twelve colonies per cubic centimeter of blood. On 
February 12 the left jugular vein was resected, the mastoidectomy wound was 
reopened and a transfusion of 500 cc. was given. On February 14 there was clinical 
evidence of pneumonia and of periarticular inflammation at the left knee. On 
February 15 another culture of the blood was made, which yielded bacteria. On 
this day a transfusion of 250 cc. was given and concentrated streptococcus serum 
(New York state) was administered, 20,000 units subcutaneously and 20,000 units 
intravenously. On February 16 a culture of the blood was made and yielded 400 
colonies per cubic centimeter of blood. Concentrated streptococcus serum (New 
York state), 20,000 units, was given intravenously. The patient died at 9 a. m., 
February 17. 

Case 60. — Z. R., a man aged 62, was admitted to the hospital April 23, 1935, 
with redness and swelling of the skin over the back, extending from the shoulders 
to the waistline, and a sloughing ulcer over the left scapula at the site of a sur- 
gical wound where a papillary nevus had been removed on April 18, 1935. On 
April 24 exudate from tire wound showed streptococci on microscopic examination, 
and the culture subsequently produced colonies of hemolytic streptococci. The 
urine contained 5.2 per cent sugar on April 24. A culture of the blood made on 
the same day remained sterile. A transfusion of 330 cc. and regular (unconcen- 
trated) streptococcus serum (New York state), 25,000 units, were given on April 
24, and the same dose of serum was given again on April 25. The patient died 
at 3:25 p. m., with signs of gradually increasing pulmonary edema. Necropsy 
was not permitted. 

Case SO. — J. B., a woman aged 80, was admitted to the hospital on Jan. 4, 
1935. Mastoidectomy was performed on January 6. After the operation the tem- 
perature rose, reaching 106 F. on January 9. On this day a spinal tap yielded 
cloudy fluid containing 2,500 white cells per cubic millimeter and also micro- 
scopically visible streptococci. Serum therapy was requested on January 11, and 
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regular unconcentrated streptococcus serum (New York state) was given on 
January ]], 12 and 13 to a total amount of 38,000 units. Death occurred at 2:40 
a. m. January 14. Necropsy was not permitted. 


These brief notes on the cases in which death occurred are sufficient 
to indicate the desperate situation at the beginning' of serum therapy in 
many of them. Such treatment represented little more than a gesture 
or perhaps a forlorn hope for the patients with meningitis (cases 33 , 41 , 
82 , 72 , 81 and 50) and those with generalized peritonitis (cases 67, 43, 
2 and 5). Certainly little or nothing was to be expected in the treatment 
of the patient in case 49 , with terminal streptococcic sepsis after peri- 
cardostoni}' for staphylococcic sepsis; in that of the patient in case 84, 
suffering from leukemia and gangrenous stomatitis, or in that of the 
patient in case 91 with vegetative endocarditis and hemiplegia. In cases 
62 and 56 the dose of serum was reduced or discontinued after culture 
of the blood became sterile, and the patients died of pneumonia, prob- 
ably of septic origin. In case 28 the streptococcic infection was con- 
trolled, but the patient succumbed, death being due apparently to toxic 
agranulocytosis. In case 47, in which the patient had puerperal fever 
and pneumonia, the specific diagnosis of streptococcic infection was 
uncertain, and the serum was administered as a forlorn hope on the 
eve of her death. In 3 instances, although serum therapy was initiated 
rather late, one has to acknowledge frank failure (cases 90, 53 and 60). 
There was no attempt to select favorable cases and no thought of refusal 
to undertake serum therapy because of the desperate or even apparently 
hopeless nature of the condition. 

The 56 patients who surviA'^ed had various clinical conditions. In 
subsequent papers we plan to discuss these in special groups according 
to the region of the body primarily involved. However, it seems best 
to discuss a few of the successful cases at this place in order to illus- 
trate the technical procedure and to indicate nffiat may be expected 
from the use of a serum under more fortunate circumstances. 


Case 32.— H. H., a girl aged 2j4 years, was admitted to the hospital on Dec. 18, 
1933. On December 4 she had an infection of the left index finger, an since 
December 11 there had been a swollen gland in the left side of the neck and some 
fcA'er every day. On December 18 the right elbow became swollen. On a wissio 
there were old infected lesions on both index fingers and a tender swel ing a o 
the right elbow, with limitation of motion. There was a red area on t e ^ 
aspect, which appeared to be the pointing of an abscess. The tonsils were en ® 
and inflamed. The temperature on admission was 104.8 F. A culture of t ^ 
made December 18 gave a groAvth of streptococci with narrow zones o e 
The urine contained a trace of protein and 20 to 30 leukocytes per iig 
microscopic field. Roentgenologic examination did not reveal any c 
On December 20 a paracentesis of the right elbow failed to obtain an> • 

centrated streptococcus serum (New York state), remained 

taneously, without reaction. A culture of the blood made on t 22 

sterile. On December 21 a transfusion of 225 cc. was given. 
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another subcutaneous injection of the same serum, 20,000 units, was given. A cul- 
ture of the blood made ot\ this day remained sterile. By December 26 the swelling 
of the elbow and of the cervical gland had subsided. On December 30 an 
erythematous rash appeared on the left arm and the left thigh, and this was 
generalized on December 31 and January 1. Fever was present on January 1. 
This was evidently the manifestation of serum disease. The rash promptly sub- 
sided, and the temperature remained normal after January 2. 

Case 73. — D. B., a woman aged 22, was admitted to the hospital on Feb. 7, 
1936. She had an infection of the upper respiratory tract about January 31 and 
classic pneumonia on February 4. On admission she was semicomatose. The 
respiratory rate was 26, the pulse rate 100 and the temperature 100.4 F. The left 
side of the chest was dull to percussion everywhere posteriorljv The heart sounds 
were pure; the rhythm was regular, and the blood pressure was 95 systolic and 
60 diastolic. The leukocyte count was 24,350, with 95 per cent pob'morphonuclears. 
Examination of the sputum revealed hemolytic streptococci in almost pure culture. 
On February 9 at-2 p. m. a thoracentesis (on the left) yielded 450 cc. of cloudy 
yellow fluid, thoracentesis was repeated at 10 p. m., when 650 cc. of fluid was 
removed. Culture of these fluids yielded hemolytic streptococci. On February 10 
a culture of the blood was made, and this also gave a positive growth of hemolytic 



Chart 3 (case 32). — ^Abridged clinical record of H. H., a girl aged years. 
This child was admitted with bacteremia apparently originating from infection of 
the fingers. The progress of the case was satisfactory, but it is uncertain whether 
the patient might not have done well without the serum. The fever and rash on 
December 31 were evidently manifestations of serum disease. They subsided 
promptly. 


streptococci. The white cell count was now 42,800. At this point serum therapy 
was requested, and the serum ^ was administered as follows on February 10: 

5:21 p. m. 0.1 cc. of 1:10 dilution intracutaneously ; reaction negative 

5:32 p. m. 2.0 cc. of 1:10 dilution subcutaneouslv 

5 : 45 p. m. 3.0 cc. of 1 : 10 dilution into muscle 

5:58 p. m. 5.0 cc. of 1 : 10 dilution into muscle 

6; 12 p. m. 1.5 cc. undiluted into muscle 

6 : 27 p. m. 3.5 cc. undiluted into muscle 

6; 38 p. m. 1.0 cc. of 1:10 dilution intravenously 

6 : 47 p. m. 3.0 cc. of 1 : 10 dilution intravenously 

7 : 01 p. ni. 6.0 cc of 1 : 10 dilution intravenously 

7 : 16 p. m. 3.0 cc. of 50 per cent dilution intravenously 

7 : 29 p. m. 7.0 cc. of 50 per cent dilution intravenously 

7:46 p. m. 7.0 cc. of undiluted serum intravenously 

8:00 p. m. 10.0 cc. of undiluted serum intravenously 

3. The concentrated streptococcus serum of Parke, Davis & Co, (biological 
2005) was used throughout for this patient. 
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Thus in thirteen doses at approximate intervals of fifteen minutes a total equivalent 
to about 30 cc. of the undiluted serum was given during two hours and thirty- 
nine minutes. Fifteen minutes after the last injection the patient had a chill 
which lasted forty minutes. Oxygen and epinephrine were administered. The 
temperature rose during the chill to 106.8 F. The patient then began to perspire 
freely, and the temperature fell to 101 F. in four hours. 

This type of reaction we consider favorable. It seems to be identical 
with the reaction observed frequently when an infection of the blood 
stream is successfully treated by progressive series of intravenous injec- 
tions of potent bacteriophage. It also seems to be the same as the 
reaction observed by Young ^ and his collaborators when they injected 
intravenously the amount of mercurochrome suitable to initiate recovery 
in septic patients. One is therefore inclined to think that this visible 



Chart 4 (case 73) — Abridged clinical record of D. B., a woman aged 22. There 
were pneumonia of the left lung and empyema on admission, and the prognosis was 
grave on February 10, at which time serum therapy was requested. The senes 
of intravenous jnjections of serum on this day was followed by a shock reaction 
(Hugh Young reaction) which marked the turning point in the disease. Despera e 
measures, however, were still required for its control. After several taps, a 
drainage tube was inserted into the pleural cavity on February 22. Continuation o 
the intravenous serum and the fractional transfusions are indicated on tie cia 
The final result was most gratifying. 


reaction is the external manifestation which indicates a turning o 
balance in the fight between the bacteria on the one hand an t e P 
tective body fluids and phagocytic cells on the other hand, proa j 
to an injury inflicted on the invading bacteria by the therapeutic g 

4. Young, H. H. : The Treatment of Infections— General Local 

^^vith the Intravenous Injection of Mercurochrome, Surg., yncc. 

97-104 (Jan.) 1925. 
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be it serum, phage or chemical poison. As one gets more experience 
in the intravenous administration of such therapeutic agents one learns 
to expect this reaction a's the culmination of the series of progressively 
increasing intravenous injections. The prolonged vigorous chill with 
its distressing cyanosis and air hunger, the high elevation of the tem- 
perature and the sudden reddening warmth of the skin at the end, 
followed by drenching sweat and a spontaneous fall in temperature, 
constitute a reactive phenomenon so often repeated in successive cases 
as eventually to be recognized as a distinct reaction to effective intra- 
venous therapy for bacteremia. Undoubtedly this reaction has much 
in common with the ordinary spontaneous chill, temperature spike and 
sweat so often repeated in untreated septic disease and in the earlier 
weeks of malaria, and one may sometimes be unable to distinguish 
between such reactions when giving intravenous treatment. The timing 
is, however, significant, and if the therapeutic injections are given in 
regularly and gradual^ increasing doses at regular intervals until the 
chill appears, the true nature of the phenomenon will usually become 
manifest. Without pretending that this is in any just sense a new 
phenomenon, we nevertheless believe that the association of this reaction 
with intravenous therapy directed against the infecting microbe in 
bacteremia is something which belongs essentially to the more modem 
era in therapeutics, and we therefore suggest that this rather typical 
series of manifestations marking the successful termination of a series 
of intravenous injections be designated as the Hugh Young reaction. 
A further proof of the character of this phenomenon is of course 
furnished by the subsequent steady improvement in the clinical condition 
of the patient and the eventual complete recovery, which is, however, 
not to be expected without further intelligent and adequate care. 

For the patient at present under consideration the ominous return to a 
temperature of 105 F. at 8 a. m. on February 11 served as a warning against 
premature relaxation of therapeutic efforts. On this day eight intravenous injec- 
tions of equal amounts of serum were given at intervals of approximately one hour, 
to a total amount of 40 cc. For convenience of injection through a needle of 
gage 27 the serum was diluted with an equal volume of sterile saline solution. 
Late in the afternoon the chest was again tapped, and 750 cc. of fluid was removed. 
The patient was more alert and cooperative. As shown in the chart, the large 
doses of serum were continued every da 3 \ The patient did so well that there 
was some hope of avoiding surgical drainage of the thorax. Beginning on 
Februarj' 15, fractional transfusions were given almost every day until March 12. 
The left pleural cavitj' was tapped again on February 18, and 750 cc. of thin, 
purulent fluid was obtained. It was decided to insert a rubber tube for continuous 
drainage of the pleural cavitj'. On Februar 3 ' 21, accordingb’, a trocar was introduced, 
and a rubber drain was inserted through the cannula. About 400 cc. of a moderateh' 
thick, greenish purulent fluid was obtained at this time, and abundant purulent 
drainage continued to come awa 3 ' through the rubber tube. Irrigation of the 
pleural cavit 3 ’ with a proprietar 3 ' solution of sodium h 3 ’pochlorite and saline solution 
was practiced daih’ beginning on Februar 3 ’ 27. A roentgenogram taken on 
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February 27 sliowed partial collapse of the left lung with consolidation of the 
loAver lobe, moderate pleural exudate at the base and a well established pneumo- 
thorax. The drainage tube was shortened from time to time and was removed on 
March 8. However, because of evident accumulation of fluid and a rise in 
temperature and in pulse rate the tube was again inserted on the following day, 
when 120 cc. of purulent fluid was obtained. After progressive shortening of 
the tube it was finallj' dispensed with on March 26, and the patient was discharged 
March 28. She returned to receive an injection of serum on April 2, at which time 
the thoracic opening was found to be closed and entirely covered by epidermis, 
so that no further dressing was required. 

This patient was able to take large amounts of the serum in divided doses. 
She became moderately sensitive to the serum, and a moderate rash appeared on 
February 20, but the diminution in amount of serum after February 22 was 
made not because of her sensitivity but rather because of economic considerations. 
The outcome was unexpectedly satisfactory. There is only a small scar, and the 
patient has remained in excellent condition since leaving the hospital. The total 
amount of concentrated streptococcus serum used was 760 cc., and the total amount 
of human blood used in transfusions was 2,902 cc. 

Case 66. — C. R., a man aged 56, was admitted to the hospital on March 28, 
1935, with carcinoma of the glans penis. He had worked at shoveling coal for 
twenty years. On April 17 amputation through the middle of the shaft and bilateral 
dissection of the inguinal nodes were performed. Examination of the specimens 
revealed squamous cell carcinoma of the glans and metastatic extension to the 
right inguinal nodes. There was considerable postoperative edema, but the patient 
was out of bed by April 29 and was apparently in good condition. On May 3 
the temperature suddenly rose to 104 F. The wounds appeared clean, but there was 
considerable edema of the scrotum and stump of the penis. On j\'Iay 4 exudate 
from both inguinal wounds was taken for bacteriologic study. That from the left 
side was sterile, but that from the right side yielded a growth of hemolytic 
streptococci. Culture of material taken from the left inguinal wound on May 8 


also gave a growth of the same organism. On May 9 the temperature rose again 
and remained elevated. Brawny, dark red induration extended to the thighs on 
May 15. Regular (unconcentrated) streptococcus serum (New' York state) was 
given in divided doses on May 16, intracutaneously at 3 : 10 p. m., subcutaneoush 
at 3 : 30 p. m., intramuscularly at 3 ; 45 p. m. and intravenously at 3:55 p. nr, 
4 : 05 p. m. and 4 : 30 p. m., to a total amount of 25,000 units. No reaction occurre 
The patient was evidently improved by the next day, and the serum was 
tinned. On May 20, another ampule of the same unconcentrated 
units) was given intravenously' without evident reaction. The patient di ue 
until May 26, when again the temperature rose, and there was an extension 
the cellulitis to the low'er part of the right leg, w'hich became swollen, re • ^ 
hot on the morning of May 29. The same serum w'as again admimsterc , 
time in divided doses to guard against anaphy'lactic shock, to a tota amou 
15,000 units. Improvement follow'cd at once, but this time the injections o - 
w’ere continued daily until June 2. The patient w'as discharge on 


good condition. 

Case 36.— P. W., a wan aged 37, rvas admitted to the hospital 
1934, and a bilateral Bassini herniotomy was performed on ^^a,ivc 

temperature rose to 104.4 F. on January 23. Cultures of^^lfrow 
wounds w'ere made on January 24 and showed abundant JanuaO' 

which were found partially susceptible to streptococcus bacten p j^bes 

26 the bacteriophage -was applied to the w'ounds tiroug 
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at 3:15 p. m. and again at 6 p. m. and 7 p. m. At 7 p. m. concentrated anti- 
streptococcus serum (New York state) was given intramuscularly (40,000 units). 
At 8 p. m. a culture of the blood was made, which remained sterile. After midnight, 
the bacteriophage was given through the drainage tubes, at 12 : 45 a. m., 3 a. m., 
6 a. m., 9 a. m. and 12 noon on Januarj' 27. The concentrated serum, 40,000 units, 
was given intramuscularly at 1 p. m. No further serum was used, but the local 
application of the bacteriophage preparation was continued several times each day 
until February 3, when this also was discontinued. The further course was 
uneventful, and the patient was discharged February 12 in good condition. 

Case 86. — R. W., a woman aged 54, was admitted to the hospital on Jan. 
28, 1937, with signs of extensive cellulitis of the right arm and forearm. A 
culture of the blood, made at about 3 p. m. on January 28, showed the next 
day a positive growth of hemolytic streptococci. At 12 noon on January 29 
another culture was made, and this one remained sterile. Immediately afterward, 
streptococcus serum (Parke, Davis & Co., biological 2005) was given, 0.05 cc. 
into the skin at 12:05 p. m., a subcutaneous injection of 0.5 cc. at 12:07 and 
another of 1 cc. at 12:32 p. m. ; an intramuscular injection of 0.5 cc. serum 



Chart 5 (case 66). — Abridged clinical record of C. R., a man aged 56, with 
infection of the wound following radical operation for carcinoma of the glans 
penis and inguinal metastasis. The favorable response to serum given on May 16 
and May 20 was followed by a further extension of the inflammation on May 26, 
which promptly receded when further serum was given. 

at 1 : 22 p. m., another of 1 cc. at 2 : 10 p. m. and another of 2 cc. at 3 : 12 p. m. ; 
an intravenous injection of 0.1 cc. at 3:38 p. m., another of 0.2 cc. at 4: 13 p. m., 
another of 0.3 cc. at 4:40 p. m. and another of 0.4 cc. at 4:55 p. m. — making a 
total of 6.05 cc. of serum for tlie day. All the doses except the first were diluted 
with a suitable amount of salt solution to facilitate injection through a fine 
needle. On the same day administration of sulfanilamide was started, 5 grains at 
1 p. ra. and 5 grains at 5 p. m. On January 30 the patient received 3 cc. of 
serum intravenously in four spaced injections and IS grains of sulfanilamide by 
mouth. The serum was continued in daily amounts of 1 cc. from January 31 
through February 9. The sulfanilamide was discontinued after February 1. 
Urticaria appeared on this day. The inflammation of the right arm had receded. 
The patient was discharged in good condition on February 19. 

These 5 successful cases have been selected in order to illustrate the 
use of the serum under varied conditions. Case 32 presented an example 
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of temporary invasion of the blood stream from lesions on the hands, 
treated by subcutaneous injections of concentrated state serum to a total 
amount of 40,000 units. The patient recovered promptly from the infec- 
tion and had a moderate serum rash ten days after the first injection of 
serum. The patient in case 73, a young woman desperately ill with 
streptococcic pneumonia, empyema and bacteremia, was treated with 
polyvalent streptococcus serum of Parke, Davis & Co., biological 2005, 
in large doses from February 10 to April 2, the total amount of serum 
used being 7 60 cc. ; this treatment was augmented by multiple trans- 
fusions and surgical drainage of the pleural cavity. The patient in 
case 66, a man aged 56 with postoperative streptococcic infection, was 
treated with the regular (unconcentrated) serum of the New York state 
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Chart 6 (case 36). — Abridged clinical record of a man aged 37, with strep- 
tococcic infection of the wound following repair of hernia. The serum was given 
by intramuscular injection, and a streptococcus bacteriophage was used for local 
application to the wound. The result was satisfactory. 



Chart 7 (case 86). — Abridged clinical record of R. W., with cellulitis of t e 
right arm and bacteremia. Relatively small doses of sulfanilamide and o 
streptococcus serum were used, with very satisfactory results. 


department of health. The first administration of the serum, on May 
to a total of 25,000 units, was quickly followed by improvement of t le 
patient’s condition. An injection of 5,000 units of the seruw was giv 
on May 20. After a period of improvement there were a relapse an 
extension of the inflammation, and on May 29 more of the 
was given in divided doses, to a total amount of 15,000 units. 
followed by 10,000 units on May 30 and 5,000 units on each o r 
days, May 31, June 1 and June 2. This time there was prompt imp 
ment without further relapse. The patient in case 36 was a man ag 
with postoperative streptococcic infection. On 
coccus bacteriophage was applied to the wounds, an 

streptococcus ierum (New York state), bactcri- 

muscularly on each of two days, January 26 and 27. Ihe 
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ophage treatment was continued, and recovery was rapid. The patient 
in case 86 was treated with sulfanilamide in moderate doses for four 
days and with streptococcus serum (Parke, Davis & Co., biological 2005) 
on these four days and for eight days thereafter. She made a rapid 
recovery. We have, therefore, 1 patient who was treated with the con- 
centrated streptococcus serum of the New York state department 
of health; 1 treated with the concentrated streptococcus serum, bio- 
logical 2005, of Parke, Davis & Co.; a third treated with regular 
(unconcentrated) streptococcus serum of the New York state depart- 
ment of health ; a fourth treated with concentrated streptococcus serum 
of the New York state department of health and local application of 
streptococcus bacteriophage ; and a fifth treated with the streptococcus 
serum, biological 2005, of Parke, Davis & Co. supplemented with 
sulfanilamide. It is evident, therefore, that success may sometimes be 
achieved with any one of these three serum products, and it is probable 
that other serums would give similar results if used in the same way, in 
large doses continued over a sufficient period of time. It is also evident 
that there is no incompatibility between the serum and sulfanilamide 
or streptococcus bacteriophage emplo3^ed simuItaneousl}^ There is even 
reason to hope that superior results may be obtained by the careful use 
of these agents in combination. 

SUMMARY 

Preliminary data are presented on 66 additional patients treated with 
streptococcus serum. We have previously reported the first 26 cases 
of our entire series of 92. 

Severe streptococcus infection respects neither sex nor any age 
period. The youngest patient in our complete series was 19 days old 
and the oldest SO years. 

Of the 66 patients in the present group, 18 died. A brief account of 
each of the fatalities has been recited. There were 6 patients with 
diffuse bacterial meningitis and 2 with generalized peritonitis, types of 
disease in which the serum at present ar^ailable does not offer much hope. 
In only 3 of the 18 cases was the effect of the serum reall)'' disappointing. 

Five cases have been selected from the 48 in which the patients 
recovered, and these have been briefly presented as examples of treat- 
ment with three different preparations of streptococcus serum and of 
serum therapy in combination with multiple transfusions, with bacteri- 
ophage and with sulfanilamide, combinations which seem promising. 

It is proposed to designate as the Hugh Young reaction the chill, 
sudden rise in temperature, diaphoresis and fall in temperature so often 
observed in the treatment of sepsis when an adequate amount of the 
antibacterial agent, be it a chemical, a bacteriophage or a serum, has been 
introduced into the blood stream to initiate the eradication of the 
infecting bacteria. 
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It seems plausible that the decrease in the capacity of the liver to 
concentrate bile acids (taurocholic and glycocholic acids and their salts) 
in the bile should be an index to the amount of hepatic damage present. 
Bollman and Mann ^ have shown that bile acids are produced, destroyed 
and concentrated in and only by the liver. Smyth and Whipple,- as well 
as Bollman and Mann, have shown that small doses of substances known 
to be hepatotoxins, that is, chloroform, carbon tetrachloride and tetra- 
chlorethylene, inhibit the function of the liver of the dog in producing 
and concentrating bile acids. Walters, Greene, and Frederickson 
studied the constituents of the bile of a series of patients who had been 
operated on for biliary disease. They noticed that a decrease in the 
concentration of bile acids in the bile followed operations on the 
biliary system. Mann and two of us (McGowan and Bollman ■‘) con- 

From the Division of Surgery of the Mayo Clinic (Drs. Gray, McGowan anti 
Nettrour) and the Division of Experimental Atedicine of the Afayo Foundation 
(Dr. Bollman). 
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firmed these findings with dogs. Ravdin, Johnston, Riegel and Wright ® 
have shown that bile salts are always absent from the hepatic bile 
after the common bile duct has been completely obstructed for a 
week or more and that the reappearance of such bile salts in the hepatic 
bile takes place only after a A'ariable but considerable period. 

Many patients with biliary disease have varying amounts of obstruc- 
tion at the lower end of the common bile duct as a result of pancreatitis 
or spasm of the sphincter of Oddi, as has been demonstrated roent- 
genologically by Walters and Thiessen ® and by means of studies of 
intrabiliary pressure by Butsch, Walters and one of us (McGowan).' 

One would expect that improvement in hepatic function would 
occur as a result of the decompressing effect of T tube drainage. We 
attempted to correlate the reduction in concentration of bile acids with 
hepatic damage as evidenced by clinical or pathologic examination and 
to demonstrate improvement, if any, in hepatic function as a result 
of T tube drainage by frequent determinations of the concentration of 
bile acids in the bile. 

METHODS OF STUDY 

We studied 50 cases in which the common bile duct had been 
explored at the time of operation and in which prolonged biliary 
drainage by means of a T tube had been found necessary. The bile was 
collected in daily twenty-four hour specimens ; it was thoroughly mixed, 
and a sample was placed in the refrigerator until the analysis was made. 
Bile acid concentration rvas determined according to the method of 
Gregory and Pascoe.® It was then attempted to correlate the bile acid 
concentration with the amount of clinical and pathologic evidence of 
hepatic damage. 

The degree of hepatic damage was estimated from the history, 
from the report of tests for liver function and from the gross and 
microscopic appearance of the liver at the time of operation. 

The chief factor in the history considered indicative of hepatic 
damage was jaundice. This is in accordance with the observations of 

5. Ravdin, I. S. ; Johnston, C. G. ; Riegel, C, and Wright, S. L. : A Study 
of Human Liver Bile After Release of Common Duct Obstruction, J. Clin. Investi- 
gation 12:659-672 (July) 1933. 

6. Walters, W., and Thiessen, N. W. : Visual Methods of Studying the 
Physiologj' of the Common Bile Duct: I. The Problem of Pancreatitis and 
Sphincteritis, Proc. Staff Meet., Mayo Clin. 9:772-775 (Dec. 19) 1934. 

7. McGowan, J. M.; Butsch, W. L., and Walters, W. : Pressure in the 
Common Bile Duct of Man : Its Relation to Pain Following Cholecystectomy, J. A. 
M. A. 106:2227-2230 (June 27) 1936. 

8. Gregorj', R,, and Pascoe, T. A.: The Quantitative Determination of Bile 
Acids by Means of a New Color Reaction and Monochromatic Light, J. Biol. 
Chem. 83:35-42 (July) 1929. 
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Snell, « made in a group of cases similar to ours, in which he showed that 
jaundice severe enough to produce a bilirubin content of 8.3 mg. per 
hundred cubic centimeters of serum was accompanied by evidence of 
impaired hepatic function. 

_ The tests of function were the bromsulphalein, Takata-Ara, hippuric 
acid and galactose tolerance tests. 

The degree of damage to the liver was classified as mild, moderate 
or severe. While we refer to some livers as ^‘normal” or as having 
suffered no damage, all the patients studied had had biliary disease 
severe enough to require drainage of the common duct; probably 
none had escaped at least a minor degree of hepatic damage. In most 
instances the careful taking of the history gave an accurate index of 
the condition of the liver. In only 1 case in which the history indicated 
that hepatic damage was lacking did the test for retention of dye, 
the result which was graded 4, reveal what proved to be the true 

Table 1. — Relation of Hepatic Damage to Concentration of Bile Acids in Bile 


Tests of Hepatic Average 


Function Hepatic Concentration 
Jaundice Indicating Disease of Biie Acids 
(Twice or Hepatic Noted by on Fifteenth 

More), Damage, Surgeon, Postoperative 

Damage to I/ivcr as Percentage Percentage Percentage Day, ifg.per 

Classified by History Cases of Cases of Cases of Oases 100 Cc. 

None (“normal”) 21 .*5 0 20 LRto 

Mild 11 15 27 43 1,165 

Moderate 11 05 SO 61 «12 

Severe 4 100 WO 75 l-'O 


state of the liver. A history of jaundice on two occasions was followed 
by impairment of hepatic function. Patients classified as having severely 
damaged livers had jaundice at the time of admission, which had been 
present for periods varying from three weeks to one and a half years. 

The duration of other complaints did not parallel the severity of 
the hepatic damage. Patients with normal livers had symptoms refer- 
able to the biliary system for an average of three y^ears, whereas those 
with mildly'^, moderately and severely'’ damaged livers had symptoms 
for an average of six, four and one-half and four years, respecthey. 

The gross appearance of the liver, while useful in classifying 
as normal, chronically inflamed or definitely' cirrhotic, did not a” ^ 
accurate information with regard to the degree of phy'siologic ciaiij, 
which was associated with these pathologic findings. ^ 

The percentage of each group of patients showing impainne 
hepatic function increased progressively from the patients w i i m 
damaged livers to those with severely' damaged livers. 


9. Snell, A. M.: The Effects of Calculous MiaryObstructio^ 

ture and Functions of the Liver, Surg., Gynec. & Obst. 63.596-60- ( 
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In 20 per cent of cases in which the liver was classified as normal 
and in 75 per cent of cases in which the damage was classified as 
severe there was gross pathologic evidence of hepatic disease at opera- 
tion. This method of classifying hepatic damage, however, is more 
accurate than the figures indicate. For example, in the normal group 
the gross changes noted never indicated more severe damage than 
hepatitis of grade 1, whereas in the more severely damaged group 
hepatitis of grade 4, or cirrhosis, was frequently evident. When the 
evidence for hepatic damage was great, the function of that particular 
liver for concentrating bile acids was found to be low (figs. 1, 2 and 3). 



Fig. 1. — Average concentrations of bile acids in the bile of patients with normal 
livers and of those with clinical evidence of mild, moderate and severe hepatic 
damage, respective!)’. 

After operation there was a progressive decrease in the concentra- 
tion of bile acids in the bile of each individual patient. This reached 
a variable low level on the fourth day after the operation and then 
gradually rose to a fixed level on the fifteenth to the twenty-first day 
(fig. 4). Four patients showed improvement even after four weeks of 
biliary drainage. 

Damaged livers did not completely regain their function of con- 
centrating bile acids. This seems to indicate that there is a limit to 
the extent of recovery after injury. This limit is usually reached at 
the end of the second week, although improvement has continued 
much later. In 1 case in which the common bile duct had been com- 
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pletely obstructed by stricture there was a bile acid concentration of 
mg. per hundred cubic centimeters in the first specimen, collected 
two hours after the operation. This value rose slowly and was continu- 
ing to rise even after one month, when it had reached 500 mg. per 
hundred cubic centimeters. 

REPORT OF CASES 

Case 1 . — Nonnctl liver. 

man aged S6 complained of repeated attacks of biliary colic of one year’s 
uration. He had never been jaundiced. ChoJecystograms demonstrated a normally 
functioning gallbladder which contained stones. At operation the common duct 



Fig. 2. — Section of liver graded clinically as moderatelj' damaged. Biliary 
obstruction from carcinoma at the head of the pancreas was relieved by T tube 
drainage. The concentration of bile acids on the fifteenth day after the operation 
was 360 mg. per hundred cubic centimeters. 

was seen to be enlarged to twice its normal size. It contained no stones. The 
gross appearance of the liver revealed hepatitis of grade 1. The only probab 
reason for hepatic damage in this case was back pressure on the liver, as indk^c 
by the enlarged common duct and the biliary colic of one ® _ 

mildness of the symptoms, their short duration, the normally functioning ga a 
and the absence of jaundice and also of stones in the common duct woul ^ . . 

to grade this liver as “near normal.” The concentration of bile acids on t e 
day after the operation was 1,060 mg., and on the twelfth postoperati\e aj 
mg., per hundred cubic centimeters. 
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Case 2. — Severely damaged liver. 

A man aged 75 years had had jaundice with itching for one and a half years. 
The Takata-Ara test of liver function gave positive results. The hippuric acid 
test revealed excretion of only 0.64 Gm. of hippuric acid in the urine. The 



Fig. 3. A severely damaged liver : A, in the gross, and B, in microscopic, 
appearance. Around the lobule is a broad band of fibrosis, mixed with which are 
scattered islands of parenchymal hepatic cells attempting to regenerate. The 
hepatic lobule itself consists of a framework with large empty spaces and little 
evidence of any parenchymal hepatic cells. 
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faihrubm content of the serum on admission was 8.3 mg. per hundred cubic centi- ■ 
meters ; the protein content was 6.3 mg. per hundred cubic centimeters and the 
albumin-globulin ratio was 1 : 1.2. At operation a stone was found impacted in 
the ampulla of Vater. The liver revealed hobnail cirrhosis. The patient made a 
good recovery, and two weeks after operation choledochograms revealed a patent 
common duct. The concentration of bile acids on the fifteenth' day after the 
operation was 224 mg. per hundred cubic centimeters. 

COMMENT 

Two patients with a concentration of bile acids in the bile constantly 
less than 100 mg. per hundred cubic centimeters died six and eight 
weeks, respective!}', after operation (figs. 1 and 3). Two others, with 



Fig. 4. — Concentrations of bile acids after operation in the bile of a patient 
with a normal liver and of patients with mildly, moderately and severely damaged 
livers. 


a concentration of bile acids that remained slightly more than 200 mg. 
per hundred cubic centimeters for more than two weeks, slowl) 
but completely recovered. These cases illustrate the prognostic value 
of the test. It would seem that when the amount of bile acids is con- 
stantly less than 200 mg. per hundred cubic centimeters the liver is 

severely damaged and the prognosis is grave. 

The photomicrograph of the liver of the patient for whom t le con 
centration of bile acids remained less than 100 mg. per hundred en ne 
centimeters showed destruction of hepatic cells in the center o e 
lobule and only a few parenchymal hepatic cells toward the penp e 
of the lobule (fig. 3). In contrast to this, figure 5 represents 
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moderately damaged liver of a patient for whom the concentration of 
bile acids on the tenth day after the first operation, a year previously, 
was 690 mg. per hundred cubic centimeters and was 685 mg. per 
hundred cubic centimeters on the fifteenth day after an operation 
recently performed for stricture, at which time the specimen for biopsy 
was taken. 

The clinical grading of hepatic damage can only be arbitrary, as it is 
impossible to say when a normal liver changes into a mildly damaged 
one. However, the evidence derived from a history of jaundice, from 
recognized tests of liver function and from the gross appearance of 



Fig. 5. — Biopsy specimen of a moderately damaged liver. The lower part 
represents fibrosis of the peripheral lobule and disappearance of parenchj'mal 
hepatic cells. Above is parenchymal hepatic tissue with groups of leukocytes 
indicating infection. The concentration of bile acids on the eleventh day after 
the operation was 6SS mg. per hundred cubic centimeters. 

the liver, while negligible for the normal liver, is 100 per cent indicative 
for the moderately damaged liver. 

Paralleling this, the average concentration of bile acids in the bile 
on the fifteenth day after the operation for the normal liver is 1,840 
mg. per hundred cubic centimeters and for the moderately damaged 
liver is 512 mg. ^^’'e had only 1 case which proved an exception 
to this. Clinically the liver of the patient in this case was graded as 
normal, and grossly it suggested to the surgeon hepatitis of grade 1. 
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On the fifteenth clay after the operation the concentration of bile acids 
was only 535 mg. per hundred cubic centimeters. However, it later 
rose to 1,820 mg. 

This case illustrates what Smyth and \Vhipple have brought out in 
experimental studies on animals. They found that a definite decrease 
in concentration of the bile acids in bile may be present when neither 
gross nor microscopic evidence of hepatic damage is shown. The 
recovery of the ability of the liver to concentrate bile acids, which takes 
place after the postoperative depression, leads one to believe that such 
impairment in hepatic function may be only temporary. In cases in 
which there is gross clinical and pathologic evidence of hepatic damage 
complete recovery of the ability of the liver to concentrate bile acids 
does not occur. 

The reason for the decrease in concentration of bile acids in the 
bile after operations on the common duct will need further investigation. 
The degree of this postoperative decrease in bile acid concentration 
is extremely variable and does not seem to have any relation to the 
degree of clinically demonstrable damage to the liver. 

An interesting observation in these studies was that patients who 
had evidence of severe hepatic damage and bile acid concentrations 
greater than 200 mg. per hundred cubic centimeters on the seventh 
day after the operation made a slow recovery but apparently recovered 
almost as well as did those whose livers were apparently more nearly 
normal. This indicates that they had sufficient functioning hepatic cells 
to sustain healthy existence under these conditions. This amount of 
liver is probably represented by a concentration of bile acids greater 
than 200 mg. per hundred cubic centimeters. Concentrations greater 
than this and up to 3,000 mg. per hundred cubic centimeters may be 
spoken of as “liver reserve” (fig. 1). 

The 2 patients who had concentrations of bile acids consistently 
less than 100 mg. per hundred cubic centimeters were up and about 
two weeks after operation and apart from lassitude, anorexia and 
persistently high bilirubin values showed no signs of grave hepatic 
damage (fig. 3). 

The improvement in the function of the liver in concentrating bile 
acids during drainage of the common duct is striking and would seem 
to be a result of the decompressing effect of relieving tension m tie 
biliary tree (fig. 4). It would seem wise, therefore, to prolong drainage 
of the common duct until the improvement in concentration ° 
acids has ceased and until choledochograms and studies of mtra 
pressure show the common duct to be unobstructed. 
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SUMMARY AND CONCLUSIONS 

A clinical study was made of 50 cases in which drainage of the 
common bile duct was established by means of a T tube. The condition 
of the liver was estimated from the history, from the results of 
recognized tests of hepatic function and from the gross appearance of 
the liver at operation. The degree of hepatic damage thus determined 
was correlated with frequent determinations of the concentration of 
bile acids in the bile. Low concentrations of bile acids occurred in 
every case in which there was other evidence of hepatic damage. An 
inhibition in the function of the liver in concentrating bile acids occurred 
postoperatively. This inhibition was rapidly recovered fi'om in cases in 
which the liver was clinically normal, but recovery was slower in those 
in which the liver had been damaged. A moderately damaged liver may 
continue to improve slowly even after a month of T tube drainage. 
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Much of the beaut}' of the face depends on the size and symmetry of 
the nose.’^ The saddle nose attracts the attention of even the most 
casual observer and is therefore “first of importance to be corrected.” ' 

More than a hundred years ago Castle ^ wrote : “The bones of the 
nose, from their situation are much exposed to fractures. The frag- 
ments are sometimes not deranged; but, most frequently they are 
depressed.” The same thought has been expressed by me in a recent 
article.'* Trauma is the most common cause of saddle nose. 

Contrary to the opinions of some,® I beliei'e with others ” that animal 
(elephant) ivory offers the ideal implant for the correction of such 
deformities. Cork ^ has been employed, although reports of the results 
after a period of )''ears are not to be found in the literature. Since the 
chemical composition of cork is purely vegetable the probability of 
retention of the implant is always uncertain. 

Autoplastic materials (bone and cartilage) often produce an abnor- 
mal midline ridge, due sometimes to narrowness of the graft but most 
frequently to absorption. A nose with such a deformity has been 
referred to as a “keel nose.” 
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5. Sheehan, J. E. ; Plastic Surgery of the Nose, New York, Paul 
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(March) 1931. 
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The two stage operation for the correction of saddle nose has been 
previously described.® In this contribution the one stage operation 
will be discussed in detail. 

Ivory has been employed for almost twenty-five years. It has stood 
the test of time ; it retains its original shape and size, and it possesses 
the other attributes essential for this type of operation. 

For successful results in the correction of a saddle nose, attention 
to minute details is of paramount importance. 

First, one must be absolutely certain that one has genuine elephant 
ivory. Ivory from young elephants appears to be better conditioned 
physiologically than does that from old elephants. When treated with 
concentrated sulfuric acid for fifteen minutes genuine ivory is not 
affected, while vegetable ivory and walrus tusk ” are stained rose color ; 
the tint disappears if the substance is washed in water. The latter twp 
substances are not to be used on account of their irritating qualities 
and on account of the fact that they are not retained b}^ the host. 

A cast of the face is made in all cases of saddle nose. An impression 
(regular dental impression plaster) is made of the patient’s face from 
the midforehead to and including the upper lip. This permits the 
patient to breathe through the mouth. To facilitate the removal of the 
impression, the face is greased with olive oil, heavy petrolatum is 
applied to cover the eyebrows and eyelashes, and tiny pieces of cotton 
soaked in olive oil are inserted in both nostrils. When the impression 
begins to harden it is removed bj'- being raised at the forehead section, 
with a forward and downward motion. The inner surface of the 
impression is painted with a thin layer of (dental) shellac, which dries 
in about fifteen minutes. It is then treated with a thin coat of sandarac, 
which requires about thirty minutes for diying. The impression is 
next soaked in cold water for about three to five minutes (until bub- 
bling ceases). This soaking replaces the moisture lost during the 
hardening (crystallization) of the plaster. The impression is not to 
be dried after soaking. Modeling plaster is then poured into the 
impression, and the cast is inverted. As soon as the cast begins to 
harden, the edges are trimmed with an ordinary pocket knife to dis- 
cover the line of demarcation, and by a wedging motion the two are 
separated (fig. 1 A). Personally. I prefer “artificial stone” for the 
production of the model ; it withstands repeated fittings of the ivory 
much better than does plaster of paris. 

suitable piece of ivory having been selected, the dorsum of the 
nose of the cast is smeared with lipstick. The ivory is placed on the 

8. Wolfe, ^r. : Plastic Surperv of the Saddle Xo.cc. Laryngoscope 43: 

807-904 (Nov.) 1933. 

9. Watkins, A. B. K. : Notes on Plastic Siirgerv. T. I-annip. & Otol. 48:809- 
820 (Dec.) 1933. 
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nose, and wherever the lipstick leaves its imprint the ivory is carved. 
For the carving I employ a rotary motor with carborundum wheels, 
one flat and the other round. After repeated fitting and carving, the 
under surface when completed will fit the depression (saddle defonnity) 
with the accuracy of a dental inlay. The superior surface, or what is 
subsequently to become the new dorsum of the nose, is then carved to 
a height and width equal to the depth and width of the deformity. It is 
then drilled with tiny holes. This lightens the implant and permits 
■fibrous bands to grow into the ivory, holding it more securely in position. 
In every case two pieces of ivory are carved ; one to fit the depression 



Fig. 1. — A, photograph showing the cast after its removal from the impression 
taken of the patient’s face. B, ivory implant accurately carved to fit the sadd e 
deformity. C, oversized implant most commonly employed for the severe types 
of saddle nose. 


accurately (fig. 1 B) and the other slightly oversized (fig. 1 Q- This is 

to allow for the thickness of the skin and to insure a 

result by the trying of two implants. The implants are ^ ' 

soap and water to cleanse them and to remove the lipstick. le ^ 

edges are then made perfectly smooth with a fine san 

dental engine being employed. This is just as important as 

fit of the taplant. A sharp edge is likely to im.a.e bca ly, 

a serous exudate and eventuate in expulsion of the 

too, as in the case of a mild injurjq a sharp edge m 
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fibrous enveloping capsule; this will also result in loss of the ivory. 
All such complications may be entirely eliminated if the implant is 
properly carved, accurately fitted and smooth on all surfaces. 

The implants are wrapped in gauze and sterilized by boiling. The 
water must be cold; the temperature should be increased slowly. If 
the temperature of the water is raised too rapidly or if the implant is 
placed in boiling water, the sudden external expansion of the ivory will 
cause it to crack, and it then becomes useless. The nurse is instructed 
to boil the implant for twelve minutes in distilled water. Prolonged 
boiling has a tendency to remove some of the constituent salts, thereby 
changing the chemical composition of the ivory and decreasing its 
resistance to eventual expulsion. Moreover, it is essential to retain 
all the chemical components of ivory in nearly the original state if the 
biologic characteristics of the substance are to be preserved. 

Many types of outside incision are employed for the insertion of 
implants. Among them are the superciliary, glabellar, nasion, canthal 
and columellar incisions, which result in an "almost invisible scar.” My 
own preference has always been to employ the intranasal incision so 
that no scars are visible. 

The preliminary preparation consists of closely clipping the hair in 
the nostrils with special blunt-pointed scissors with a convex back; this 
prevents nicking the skin. Crusts and intranasal debris are removed 
with hydrogen peroxide. The patient washes the face with soap and 
water to remove grease and cosmetics. The nose is then packed with a 
1 ; 8,000 dilution of mercurophen a half-hour before operation. Such a 
simple preoperative routine has proved to be not only exceedingly 
effectual but less complicated and less traumatizing than douches for 
the nose and the use of various antiseptics and germicides. 

One hour before operation the patient is given a mild sedative. 
Morphine alone or in combination with atropine is never emplo 3 'ed, on 
account of the short duration of the operation and the possibility of an 
idiosyncras5^ 

The patient’s face is finally prepared on the operating table ; this 
preparation consists of cleansing with alcohol and then with tincture of 
metaphen in a dilution of 1:200 (untinted), which is removed with 
alcohol. The nasal packing is removed, the face is draped and the 
nose is anesthetized. General anesthesia should not be employed in 
rhinoplastic operations. The postoperative nausea and vomiting incident 
thereto obviously invite infection. Infiltration hydrochloride anesthesia 
is the method of choice : a 1 per cent solution of procaine hydrochloride 
with epinephrine is administered intranasally to the sides and dorsum 
of the nose. 
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For insertion of the implant an incision is made within the left 
vestibule at the inferior border of the triangular cartilage (fig. 2). The 
length of the incision depends on the size of the implant to be inserted. 
By blunt dissection with the Joseph comma knife, sufficient skin is 
separated overlying the dorsal and lateral walls of the nose to produce 
a pocket for the reception of the ivory. As a general rule there is little 
bleeding from this dermal separation. After several trials have been 
made, the implant Avhich best fits the deformity is permitted to remain. 
The implant must never be touched; it is handled entirely with instru- 
ments. T he skin overlying the implant must not be on a stretch, as 
any tension may alter the nutritional supply of the dorsal skin and 
may defeat the operation. The implant having been adjusted, three 
strips of adhesive tape are placed over the nose; this constitutes the 



Fig. 2. — Sketch illustrating the incision made within the left vestibule at the 
inferior border of the triangular cartilage. If the surgeon is left handed, the 
incision is made on the opposite side. One incision is sufficient. 


external dressing. A small piece of gauze treated with petrolatum is 
placed in the nostril against the line of incision, to keep the wound moist 
and permit free drainage. Suturing of the line of incision as done by 
some surgeons not only prevents free drainage but is likely to produce a 
hematoma, thus inviting infection. The patient is kept quiet in bed or 
three days in the semireclining position. The petrolatum gauze pac 
only is changed daily. After the third day the three 
adhesive tape are removed, and no further dressing 
necessary. By this time the implant is held in posmon by the or 3 J 
skin, which has contracted, and by the accurate fit of ‘'»= 
dorsum of the nose. The patient rarely complains of an) pos p^^ 
pain, and the swelling completely subsides in about fi« ®) 
implant has been retained beyond the first rvee ' an i 
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differences in the appearance of the new nose, the ivor}' will usually 
remain in situ indefinitely. 

Slight injuries to the nose are usually well tolerated. Even though 
the trauma is sufficient to produce a local reaction the ivory will remain 
in place if the fibrous capsule is not disturbed. A severe blow, how- 
ever, rupturing the fibrous envelop will produce a marked reaction with 
all the signs and symptoms of acute inflammation and with subsequent 
expulsion of the implant either at the side of the nasion or through the 
nasal mucosa. At the first sign of any irritation the implant should be 
removed Aua the original incision, and the nose should be drained with a 
rubber dam for twent3'-four to fort3'-eight hours. When regeneration 
is completed a new implant may be inserted after a lapse of 'from six to 
eight weeks. It is almost superfluous to add that plastic corrections 
should never be attempted in the presence of 3113^ active pathologic 



Fig. 3. — Photographs showing result of the implantation. The picture at the 
left was taken before the operation; that on the right, after tlie operation. 

process in the nose and never before the patient reaches the age of 17 , 
at which time the nose has attained its full growth. 

SUM.WAKV 

External incisions of the nose, regardless of their location, always 
result in scarring, while incisions about the tip have a tendenev to 
destroy its natural contour. The accepted intranasal incision not onlv is 
easier of approach but never results in aiyv scarring. It is time that all 
e.xtcrnal incisions for practicalh' all t3'pcs of nasal corrections were 
relegated to the scrap heap of plastic operations. 

Properlv selected ivorv taken from a 3-oung elephant and carefull3’ 
carved is of preeminent importance for a good cosmetic result. The 
overlying skin should never ije subjected to any tension. In doubtful 
cases, in which the dorsal skin is rather firmly attached (as the result of 
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severe injury or infection), it is better to employ a rather small implant, 
achieving at least some improvement, than to take the risk of complete 
failure caused by stretching the skin. 

The insertion of the implant is a simple procedure and is quickly 
accomplished, which is gratifying to the patient. The insertion of an 
autogenous graft is always attended with some danger ; in addition such 
an operation requires general anesthesia. 

The encapsulation of the implant with fibrous tissue seems to he 
uniform and never distorts the end result. It is known that autogenous 
implants do become absorbed irregularly and result in various distor- 
tions. If the patient is apparently in good health, the nasal orifices 
free from infection, asepsis and antisepsis rigidly observed, properly 
carved elephant ivory emplo3'ed and careful technic used one should 
have no hesitancy in using this method for the correction of saddle nose. 

Any implant which is easily procured, readily prepared, quickly 
inserted, resistant to infection and well tolerated by the tissues possesses 
merit of distinction. Elephant ivory is an organic substance the chem- 
ical composition of which is similar to that of human hone. This 
accounts for its nonirritating efifect and for the fact that it is not acted 
on as a foreign body. Moreover, elephant ivory never changes its shape 
or becomes absorbed. For these reasons, elephant ivory has definitely 
established its reputation as the ideal implant for the correction of 
saddle nose. 


The Wiclencr Building. 



DUODEiYAL RUPTURES ' ■ - 

ALEXANDER LURJE, - 

IVANOVO, u. s. S. R. 

Retioperitoneal duodenal tears occupy a particular place among sub- 
cutaneous intestinal ruptures of traumatic origin. The integrity of the 
peritoneum creates diagnostic difficulties during the first hours after the 
trauma. 

According to the statistical reports of Kenn/ only 9 of 138 patients 
with retroperitoneal and intrapei'itoneal duodenal ruptures recovered. 
Retroperitoneal ruptures are often overlooked during laparotomy 
(Gibe-). The presence of retroperitoneal hematoma, emphysema or a 
green spot on the parietal peritoneum makes the surgeon suspect 
ruptures of the retroperitoneal hollow organs. The diagnosis is most 
difficult in cases in which there are injuries of other viscera. In case of 
blunt trauma to the abdomen, after manipulation of the intestine and 
other internal organs has been completed the duodenum should be 
investigated if there are evidences of retroperitoneal hematoma, 
emphysema or a green spot on the parietal peritoneum. The location 
of the lower horizontal part of the duodenum on the fixed spinal column 
in cases of acute trauma predisposes to ruptures of that portion of the 
duodenum. One may suppose that at the moment of trauma the 
duodenum represents a bag filled with gas and hermetically closed. On 
one side the exit from the duodenum is closed by the contracted pylorus, 
on the other it is closed by the superior mesenteric artery and the root 
of the mesentery pressing on the flexura duodenojejunalis at the moment 
of the trauma. The volume of gas, diminishing in the moment of 
impact, increases the compression, and the intestine bursts. Some 
particular features of the clinical picture of duodenal tears draw atten- 
tion in nty case, which seem worthy of reporting. 


REPORT OF A CASE 

Mr. K,, a man aged 30, was admitted to the hospital because of a trauma 
of the abdomen. He had been pressed against a wall by a truck. There va^ 
acute abdominal pain. The pulse rate was 48. Cold sweat and shoe " er^ 
present. Palpation established a more or less intense strain of the muse cs 


From the Surgical Clinic, Prof. Dr. Med. M. A. Kimbarowsky, Director. ^ 

1. Kenn, cited by Mondor, H.: Diagnostics urgents: Abdomen, ec. 

Paris, Masson & Cie, 1933, vol. 1. . Paris, 

2. Gibe, cited by Mondor, H.: Diagnostic surgents; Abdomen, ■ - 

Masson & Cie, 1933, vol. 1. 
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the right half of the abdomen. There was t 3 'mpanic resonance in the whole 
right half of the abdomen, the zone of the tj’mpany passing to the external 
surface of the lumbar region. Hepatic dulness was maintained. The borders of the 
lungs and heart were normal. Six hours after injury a laparotomy was performed 
in the midline. Small multiple tears of the ascending colon and the transverse 
colon about the liver were detected, as well as multiple ruptures of the sero- 
muscular coat of the ascending colon. Some accumulation of blood in the lower 
part of the peritoneal cavity and in the Douglas pouch was noted. There was 
marked retroperitoneal emphysema. A retroperitoneal rupture of the ascending 
colon was suspected. Tlie large intestine was mobilized. In the retroperitoneal 
space a hematoma of considerable size was detected. The posterior wall of the 
ascending colon was traumatized and was infiltrated with blood. A rupture 4 cm. 
in length was revealed in the retroperitoneal portion of the duodenum at the site 
of passage of the descending part of the duodenum into the lower, horizontal 
part. Resection of the mobilized part of the large intestine, followed by an end 
to side ileocolostomy, was performed. The duodenal tear was closed with a double 
line of sutures. Careful peritonization at the site of rupture was accomplished 
and the omentum was sutured to the line of peritoneal sutures. The abdominal 
wound was closed. 

The postoperative course was aggravated by bilateral lobar pneumonia with an 
abscess of the right lung. On the sixteenth day, in spite of the absence of any 
evidence of infection in the peritoneal cavity and in the right lumbar region, a 
disruption of the wound in its lower half occurred, with eventration of the intestinal 
loop, which had been well delimited from the free peritoneal cavity by adhesions. 
One day later a fistula of the transverse colon developed. There were increased 
sj-mptoms of disease of the lungs; abscess and gangrene of the right lung were 
present. The patient died on the twenty-first day after injury. 

Autopsy . — Myocardial degeneration and induration of the inferior lobe of the 
left lung (lobar pneumonia) were observed. The right lung was edematous and 
infiltrated. The upper part of the inferior lobe was occupied by the abscess cavity, 
the walls of which consisted of gangrenous tissue. There were multiple loose 
adhesions between loops of small intestine. An eventrated loop of the ileum 
and a part of the colon were well delimited from the free peritoneal cavity. The 
duodenal suture was in good condition. In the region of suture of the parietal 
peritoneum an inflammatory infiltration without suppuration was noted. The 
anastomosis and the stump of the transverse colon were in good condition. Three 
centimeters above the anastomosis and S cm. from the stump on the anterior wall of 
the transverse colon a fistula 0.5 cm. in diameter was observed. Between the loop of 
the small intestine and the anterior peritoneal wall at the left a well encapsulated 
round abscess 1 cm. in diameter was seen. The subdiaphragmatic and the Douglas 
pouch showed no unusual conditions. 

Attention must be drawn to the fact that, in spite of the presence 
of traumatic injuries of the large intestine along with the retroperitoneal 
duodenal rupture, peritoneal symptoms were not sharply marked; now 
and again they almost disappeared. As the condition of the patient was 
very poor and caused me to suspect a rupture of the hollow or 
parenchymatous organ, a laparotomy was done. Particular attention 
has been drawn to the symptom of extension of the zone of tympanic 
resonance to the right lumbar region as a result of the retroperitoneal 
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emphysema. The green spot on the parietal peritoneum,’ insisted on by 
Lafitte,® was not observed. The extreme emphysema forced me to look 
for perforation in the colon and the duodenum retroperitoneally. 

The case demonstrates the necessity of a careful investigation of the 
retroperitoneal region of the duodenum in the presence of retroperitoneal 
emphysema. 


3. Lafitte, H. ; Arch, franco-beiges de chir. 34:117 (Feb.) 1934. 



MAGGOT THERAPY FOR HEMATOGENOUS 
OSTEOMYELITIS OF THE TIBIA 


STEPHEN MADDOCIC, M.D. 

With the Assistance of 
DOROTHY JENSEN, A.B. 

BOSTON 

When Baer ^ announced in 1929 that he was using live blowfly 
maggots to treat osteomyelitis, there was a decided wave of interest 
throughout the United States. Many surgeons began using the method, 
and enthusiastic reports - appeared in the literature. After this pre- 
liminary wave of enthusiasm the use of maggots became more limited, 
but certain clinics have continued the practice. At present it is difficult 
to evaluate the method from the literature or to determine how widely 
it is used. 

The purpose of this communication is to present in some detail a 
series of 29 cases in which hematogenous osteomyelitis of the tibia has 
been treated during the past seven years and which have been fol- 
lowed up to the time of writing. Most of the patients had been operated 
on by other surgeons, and treatment with maggots was begun after a 
period of antecedent treatment. Any additional operations were per- 
formed by me. In most instances the preliminary procedure was of the 
Orr ® type. The series lacked uniformity of operative treatment but by 
the same token was representative of various types of surgical technic 
and experience, so that the results are comparable with those which 
might be expected in private practice. 

From the Osteomyelitis Clinic, the Surgical Research Laboratory and the 
Fifth (Harvard) Surgical Service of the Boston City Hospital. 

Dr. Frederic J. Cotton originally suggested the use of maggots and was instru- 
mental in obtaining technical assistance in producing them. Dr. Otto J. Hermann, 
chief of the orthopedic service, assisted in this work. Drs. A. R. Kimpton, R. C. 
Cochrane, J. H. Shortell, W. R. Morrison, C. C. Lund, J. H. Burnett, T. H. 
Peterson, R. H. Aldrich, L. R. Dretler, C. H. Bradford and P. W. Shannon, of the 
Boston City Hospital staff, referred cases observed in this report. 

1. Baer, W. S., in discussion on Bitting, N. D. ; Acute Osteomyelitis and 
Complications, South. M. J. 22:580-583 (June) 1929. 

2. Robinson, W. : Progress of Maggot Therapy, Am. J. Surg. 29:67-71 
(July) 1935. 

3. Orr, H. W. ; New Method of Treatment of Chronic Infections Involving 
Bone, Nebraska M. J. 8:50-52 (Feb.) 1923. 
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The literature has- grown so voluminous that it is impossible to 
review it here. The reader is referred to the bibliography compiled bv 
Robinson."* 

OPERATIVE PROCEDURE 

The preliminary operative treatment of the subacute condition was 
essentially that described by Orr.® In some instances several operations 
had been performed before maggot treatment was begun. Patients with 
chronic osteomyelitis who came directly to me were usually treated with 
for from two to four weeks before any operation was per- 
formed. A few of the lesions healed without operative intervention. 
When operation proved necessary, all infected bone and scar tissue was 
removed, a base of viable bone being left. The cavity was packed with 
petrolatum gauze, and a cast was applied. In all the cases of bone 
abscess (Brodie °) described here the lesion had been opened wide and 
packed wdth petrolatum gauze by another surgeon before the patient 
was referred to me for maggot treatment. 


METHODS 


The production and sterilization of maggots have been described so 
carefull}'’ by several writers ® that no mention need be made of this 
process. All the methods are essentially the same, but the latest technic 
of Robinson has proved the simplest and most satisfactory. 


Maffffof Therapy. — Approximately one week after the operation in cases of 
chronic osteomyelitis or four weeks or more in cases of acute disease the petro- 
latum gauze packing is removed. Any accumulation of pus is sponged out, and 
the bleeding is controlled by pressure. In order to establish maggots promptly, 
the wound is rendered alkaline by irrigation with a 0.25 per cent suspension 
of calcium carbonate.’’ After irrigation the wound is gently sponged dry, an 
enough maggots are inserted to cover its surface. The exact number in any 
given case can be determined only by experience and experiment. The s in is 
protected with some waterproof material in order to prevent its being digesfe 
by the enzymes in the excreta of the maggots. After the implantation the ept s 
of the wound are packed lightly with fluffed gauze, and the whole is coiere 


4. Robinson, W. : Literature Relating to the Use of Maggots in t e rea ^ 
ment of Suppurative Infections, Bulletin 310, United States Department o 

culture. Bureau of Entomology, 1934. tfi-lIPP- 

5. Brodie, B. : Lecture on Abscess of the Tibia, London M. az. 

1403, 1845, Ostco- 

6. (a) Child, F. S., and Roberts, E. F.: The Treatment of Chr 

myelitis with Live Maggots, New York State J. Med. ' Osteomyclifis, 

(b) Livingston, S. K : Maggots in the Treatment of ^ Sii702-70^ 

Infected Wounds and Compound Fractures, Surg., Gynec. • 

(April) 1932. (c) Robinson, W.; 1934. 

Maggots for Surgical Use, J. Lab. & Chn. Med. 20:7 - a • ^ 

7. Stewart, M. A.: A New Treatment of Osteomyelitis, bur.., . 

Obst. 58:155-165 (Feb.) 1934. 
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with gauze and ccllucotton pads. This type of dressing is much simpler than any 
of the cages which have been recommended and has the great advantage of 
keeping the wound from becoming filled with pools of pus in which the maggots 
will drown. 

Contrary to general practice, the dressings are usually changed daily. This 
keeps the skin in good condition and adds materially to the comfort of the patient. 
It is possible to remove some of the maggots when they are obviously crowding 
the wound and causing pain or to replace them if they have failed to survive. 

Clinical Course . — One may expect the wound to put forth healthy 
granulation tissue within from two to four weeks after the beginning 
of the treatment. Small chips and lumps of cancellous bone make their 
appearance during this period and can be lifted out with forceps. 
Occasionally the edges of the osseous defect and small islands of firmly 
attached bone will fail to granulate. Such areas are insensitive and 
can be removed with rongeurs or a gouge, without anesthesia. After 
their removal, bleeding is stopped by pressure, and treatment with 
maggots can be continued at once or on the following day. 

If during the course of treatment the wound fails to make reasonable 
progress, roentgenograms will often reveal some deep area of involve- 
ment which has been overlooked at operation. Insertion of a probe in 
a suggestive depression in the wound while the films are being taken 
often serves to point out the offending bone. Patients with such involve- 
ment should not be reoperated on at once if the wound is making satis- 
factory progress. Considerable judgment is required to determine the 
best course to pursue. Many such apparent sequestrums revascularize 
and are incorporated into the new bone. Others become more sharply 
demarcated in time and can be removed mechanically without anesthesia. 

Maggots need not be left in the wound until complete epithelization 
has occurred, but the question of the proper moment to discontinue their 
use is at times difficult .to decide. In general, the best criteria are a 
healthy looking wound and a roentgenogram showing no abnormality. 
It is my custom to remove maggots at this stage and substitute urea 
crystals ® or dry dextrose. Some wounds regress after this change, and 
it is necessary to return to treatment with maggots. Others show steady 
improvement, and the skin begins to grow in from the edges ; in such 
the lesions should be prepared for skin grafts. This procedure not 
only hastens closure but produces skin over the affected area which is 
better able to withstand possible future injury. 

Patients are allowed to sit up as a routine as long as they remain 
afebrile. Crutches are issued as soon as the wound becomes well covered 
with granulations, and their use is continued until complete closure has 
occurred. When involvement of the legs is bilateral, walking is per- 
mitted as soon as the wound on one leg is closed. Healing of the skin 
sometimes has been delayed by allowing the patient to hold the leg in a 

8. Holder, H. G., and MacKay, E. M. : The Use of Urea in the Treatment 
of Infected Wounds, J. A. M. A. 108 : 1167-1169 {April 3) 1937. 
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dependent position; this results in venous congestion. The delay 
required for correct healing is more than offset by the advantage of 
early return to work. Patients are kept in the hospital only until it 
becomes probable that no further operations on the bone will be 
necessaiy. They are then sent home with directions to return to the 
clinic for treatment. 

In some cases treatment with maggots was not begun until after the 
patient was discharged from the hospital. It was found feasible to use 
the treatment for ambulatory patients, with three dressings per week. 
Such patients were occasionally readmitted to the hospital for sequestrec- 
tomy or skin grafts. 

After closure has occurred the patient is told to return at intervals 
of from one to three months for clinical and roentgen examination. ■ The 
intervals are gradually lengthened, but each patient is seen every six 
months. 

Death of Maggots in Wounds . — In all of his papers Baer referred 
to the phenomenon of death and dissolution of maggots, which occurred 
in each case toward the end of the healing process. He regarded this 
as due to acquired immunity of the patient to maggots. Livingston and 
Prince ® explained it as being due to the development of a higher pH and 
to the production of their "active principle.” During the present inves- 
tigation the dying out of maggots has never been observed. Late in the 
treatment the maggots do not grow rapidly, and many doubtless die of 
inanition, but they have never been seen to dissolve in the wound. That 
the patient does not acquire immunity to maggots has been amply denion- 
strated in numerous cases in which treatment was stopped for periods 
varying from one week to almost a year.’^® On resumption of treatment 
there was no evidence of inability of the maggots to survive. Several 
patients have had multiple lesions which healed at different times, yet 
the last wound in each case continued to support maggots as long as 
they were used. A few patients have returned with localized infections 
in the overlying soft parts. These have often been treated with maggots, 
and it has never been found difficult to establish or maintain the larvae. 

It would seem, therefore, that the death of maggots is probably cause 
by starvation, escape from the wound or low viability of the culture. 


RESULTS 

The results of this study are given in table 1 and summarized m 
table 2. The 29 cases are grouped under appropriate headings a 

9 Livingston, S. K., and Prince, L. H. : The Treatment of 
myelitis with Special Reference to the Use of the Maggot Acfn 
T A. M. A. 98:1143-1149 (April 2) 1932. _ , prac- 

10. Haddock, S., and Jensen, D.: The Treatment of 22) 

tures of the Tibia with Maggots, New England J. Med. 217. - 

1937. 
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numbered in each group according to the time at which maggot therapy 
was started. The series seems to be divisible naturally into three 
categories, the first including cases of subacute osteomyelitis ; the second, 
cases of chronic osteomyelitis, and the third, cases of abscess of the 
bone (Brodie®). There was no case of true acute osteomyelitis in the 
series, since treatment with maggots was not started until the patient 
had passed through the critical febrile phase of the illness. 


Table 1. — Results of Maggot Treatment 






Maggot 

Maggot 

Discharge 





Date of 

Prcinaggot 

Tlierapy 

Tlierapy 

from 

Result' 

Case 

Age 

Onset 

Operation 

Started 

Stopped 

Hospital 

1 

■ \ 




Subacute Hematogenous Osteomyelitis 



1 

14 

2/14/31 

8/ 7/31 

8/21/31 

11/ 8/31 

12/25/31 

Closed 

11/19/31 R 






12/25/31 



2/16/32 L 

2 

9 

8/12/31 

8/21/31 

8/29/31 

9/25/31 

11/ 0/31 

Closed 

8/12/32 

3 

7 

8/29/31 

9/ 2/31 

2/10/32 

4/ 0/32 

5/ 5/32 

Closed 

12/12/32 

4 

5 

8/ 9/31 

1/21/32 

2/14/32 

3/13/32 

4/2S/32 

Closed 

10/15/32 

5 

11 

5/25/32 

C/12/32 

6/29/32 

7/31/32 

2/23/33 

Amputation.. 

11/11/32 

G 

16 

5/25/32 

0/ 3/32 

6/12/32 

9/21/32 

2/12/33 

Amputation. . 

2/12/33 

7 

14 

12/10/32 

4/18/33 

5/16/33 

10/14/33 

7/ 3/32 

Closed 

10/16/33 

s 

14 

8/30/32 

11/15/32 

2/ 3/33 

2/ 8/34 

4/14/33 

Closed 

5/ 1/34 

9 

13 

2/12/34 

3/1S/34 

4/ 2/34 

9/ 4/34 

5/28/34 

Closed 

1/11/35 

10 

14 

7/31/34 

8/ 4/34 

8/27/34 

11/12/35 

10/31/34 

Closed 

1/25/30 

11 

12 

2/17/85 

2/18/35 

3/26/35 

2/ 7/36 

12/ 5/35 

Closed 

2/23/37 

12 

8 

8/ 3/34 

8/ 4/34 

4/ 9/35 

10/23/35 

10/ 5/35 

Closed 

1/22/30 

13 

14 

10/15/35 

10/18/35 

12/11/35 

2/22/30 

11/22/35 

Closed 

12/14/30 

14 

9 

10/10/35 

10/14/35 

1/ 2/36 

2/22/36 

12/15/35 

Closed 

0/28/36 

15 

9 

8/ 9/35 

11/16/35 

1/ 7/36 

3/ 2/30 

12/18/35 

Closed 

5/12/37 

16 

11 

10/12/35 

10/20/35 

1/ 7/36 

2/22/36 

4/19/30 

Closed 

4/19/30 

17 

15 

7/31/30 

11/24/36 

1/ 5/37 

3A0/37 

6/ 3/37 

Closed 

3/17/37 L 
6/ 1/37 E 




Chronic 

Hematogenous Osteomyelitis 



18 

53 

1889 

1/14/31 

2/ 0/31 

5/30/31 

6/ 4/31 

Closed 

3/12/.S5 

19 

SO 

1912 


11/26/32 

12/29/32 

6/12/33 

Closed 

10/ 1/33 

20 

53 

1912 


12/19/32 

1/27/33 

4/26/33 

Dost 


21 

19 

1929 

4/11/33 

5/ 6/33 

6/20/33 

8/16/33 

Lost 


22 

49 

1895 

6/14/34 

6/18/34 

7/20/34 

8/18/34 

Closed 

9/ 2/34 

23 

10 

1933 

5/24/33 

12/ 9/35 

1/ 2/36 

6/21/33 

Closed 

2/20/36 

24 

51 

1900 

11/29/35 

1/ 2/30 

2/12/36 

12/28/35 

Closed 

9/25/36 





Brodie’s 

Abscess 




25 

12 

? 

8/ 3/31 

8/13/31 

9/ 5/31 

8/27/31 

Closed 

6/ 2/32 

26 

51 

7 

2/ 8/34 

2/17/34 

4/14/34 

4/ 1/34 

Treatment 


27 

G 

10/20/33 

5/ 7/34 

7/ 8/34 

10/ 2/34 

7/ 0/34 

Closed 

1/ 5/35 

28 

43 

? 

10/12/34 

1/21/35 

6/10/35 

10/31/34 

Closed 

8/ 7/35 

29 

40 

1924 

1/ 9/36 

1/16/36 

2/12/36 

2/22/30 

Closed 

2/23/36 


Group 1 (Suhacute Osteomyelitis ). — There were 17 cases in this 
group ; in 2 of these there were bilateral lesions. Of the 19 tibias involved 
by osteomyelitis, 2 required amputation, and at the time of writing the 
remaining 17 lesions had been closed for periods varying from one 
month to five and one-half years. An average period of two years had 
elapsed since final closure. The ages of the patients varied from 5 to 
16 years. The average age at onset was 11.6 years. There were 4 girls 
and 11 boys. Trauma was noted as an exciting cause for localization in 
10 cases. Previous infection was recognized in 8 cases. Positive blood 
culture was obtained in 15 cases and obtained repeatedl}’’ in 5. The 
organism recovered from the bone and from the blood stream was 
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Staphylococcus aureus in every case. In 6 cases the entire shaft was 
involved, with complete sequestration in 2 (cases 4 and 10). In 9 
instances the lower third and in 4 the upper third of the tibia was 
affected. Skin grafts were used in 5 cases to hasten final closure. 

Untoward Results ; Ankylosis occurred in the ankle in 4 cases and 
in the knee in 1. In all the cases there was primary involvement of the 
joint, so that such an end result was anticipated. The patient in case 3, 
who had involvement of the knee, was discharged to a convalescent 
home wdthout medical supervision, and the knee became ankylosed in 
about 40 degrees’ flexion. An operation for the correction of this 
deformity is contemplated at an early date, since at the time of writing 
closure had persisted for over five years. 

Table 2. — Classification of Results According to Type of Lesion 


Period from 
Onset to 

Insti- Period Period Total 
tution of of from Period Time Time 
Under Limb Maggot Maggot Treat- of in Since 

Type of Treat- Ampu- % Treat- Treat- ment to 111- Hos- Clo- 

Lesion No. Closed inent tated Lost Closed ment ment Closure ness pita] sure 

Subacute 19 17 0 2 0 89 106 106 205 417 169 2 

osteomj’e- days days days days days years 

litis 

Chronic 7 3 0 0 2» 100 23 48 893 24] 132 2.07 

osteomye- years days days years days years 

litis 

Abscess 5 4 1* 0 0 100 5 06 79 ? 80 2.87 

of bone years days days days years 

Average 92 


* Omitted in calculating average figures. 

t Time from premaggot operation to closure. 

Amputations; The cases in which amputation was performed are 
worthy of special consideration. The patient in case 5 was treated at 
another hospital, so that daily care under my supervision was impossible. 
The entire shaft of the tibia was involved. So many abscesses develope 
in the soft parts that after a few weeks almost one third of the leg was 
destroyed. Because of the difficulty of treating a patient in snorter 
hospital, maggo.t treatment was abandoned after thirty-two days. 
leg w'as amputated about four months later. 

The patient in case 6 was a boy with a history of polycytbaemia vera 
of three years’ duration. The osseous lesion involved the upper thir o 
the tibia. Operation was done on June 3, 1932. Treatment was egu 
on June 12 and was continued until September 21. During 
the wound showed moderate improvement. On June 16 acute pie ' 
of the popliteal vein developed. On August 18 an abscess o 
posterior wall of the chest was found, which subsequently proie o ^ 
secondary to osteomyelitis of the seventh rib. Because of the 
eral condition of the patient amputation at the level of tlie 
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was performed on September 27. Reamputation was necessary on 
December 15, and the patient was discharged from the hospital five 
months later. 

Group 2 (Chronic Osicoiiiyclitis ). — In the 7 cases in this group there 
was a history of osteomyelitis of from twelve to forty-two years’ dura- 
tion. Four of the patients had shown closure of the lesion for long 
periods but entered the hospital because of local recurrences ; the lesions 
of the other 3 had never closed. Table 2 shows that actual treatment 
with maggots was of fairl}' short duration (an average of fort 3 ^-eight 
days). The length of the average interval, three hundred and ninety- 
three days, between the discontinuance of maggot therapy and final 
closure of the lesion was caused by a delay which occurred in a single 
case (case IS). The patient in this case left my care after one year 
and was reoperated on by another surgeon. There was no improvement, 
and the patient returned in about a )’ear for further treatment. The 
wound finally closed after a total of four years’ treatment. The average 
length of time from the discontinuance of treatment with maggots to 
closure of the lesions for the other patients in this group was one 
hundred and forty-six da)'s. The period of hospitalization given refers 
only to the stay during which maggots were used. At the time of 
writing closure had persisted for an average period of two and seven 
hundredths years. 

Lost Patients ; Both the patients recorded as lost had closed lesions, 
but credit cannot be taken for the cures, as is indicated by the following 
protocols : 

The patient in case 21 was transferred to a hospital for chronic dis- 
eases at a time when the leg seemed to be healing satisfactorily. During 
hospitalization a resection of the middle two thirds of the tibia was per- 
formed. At the time of writing a roentgenogram showed fusion of the 
upper and the lower end of the tibia with the fibula, which had greatly 
hypertrophied. The residual bone appeared fairly normal, and the 
wound was closed. 

The other patient (case 20) fell into other hands and was operated 
on twice after maggot treatment was stopped. He left the hospital 
before closure was attained. He returned a year later. He was reoper- 
ated on, and skin was grafted into the lesion. Complete closure resulted. 

Group 2 (Abscess of Bone [Brodie ]). — The exact time of onset of 
the condition could not be determined in all cases of this group. In 2 
(cases 27 and 29) it was known because of the occurrence of multiple 
foci ; in the other 3 the lesions were “silent” at the onset. At the time 
of writing 1 patient was still under treatment ; the other 4 had had closed 
lesions for an average period of two and nine-tenths years. 

The patient still under treatment (case 26) had alopecia totalis and 
myxedema. In 1935 she had eczema around the wound and in other 
portions of the body. Treatment was greatly interfered with by these 
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complications. An operation performed on Sept. 13, 1937, revealed 
maiked overgrowth of subperiosteal bone, with bare, eburnated necrotic 
bone in the depths of the wound. This was removed, and maggot treat- 
ment was begun on October 1. The lesion closed on October 23. 

The entire series, then, comprises 29 cases, with involvement of 31 
tibias. Two lesions necessitated amputation; the further course of 2 is 
not known ; 1 (not included in averages) was under treatment when 
this report was made, and the remaining 26 lesions were closed. Exclu- 
sion of the lesions lost from observation and those under treatment 
leaves 92 per cent closed. The lesions in the 2 cases recorded as lost 
were also closed, but closure vC^as preceded by additional operations. 
Closure had persisted for an average period of more than two years. 

Osseous lesions have not recurred in any of the patients, although 
several have had severe blows over the site of the former lesion, causing 
abrasions of the scar. Such lesions in scars have always responded to 
conservative measures and have never required operation. 

Roentgen Findings . — Final roentgenograms were obtained during 
May and June 1937. These were examined by a roentgenologist, who 
concluded that all except one indicated healed lesions. The exception 
(in case 28) showed two discrete abscesses of the upper end of the tibia, 
and at operation only one of these had been opened. The patient was 
told of the lesions but preferred to continue working until they caused 
trouble. The roentgenographic appearance of the bones in the other 
cases varied from almost perfect anatomic restoration of the trabecular 
architecture to extensive enlargement of the shafts, caused by over- 
growth of involucrum. 


COMMENT 


The crux of the treatment of hematogenous osteomyelitis lies in the 
question of whether the lesion is actually healed or is merely covered 
with integument under which infection is smouldering. In this com 
munication considerable stress has been placed on the end results, 
because no publications have shown the ^results of similar treatment. 
It has become customary in the literature to refer to the status of lesions 
as healed, improved or unimproved. I have tried to use the less mis 
leading terms “closed” and “under treatment.” The word “heale ^^is 
meaningless unless the patient has been followed for thirty or or) 
)'^ears. The term “improved” is equally inappropriate since, as ^ 
pointed out, “improvement usually means a discharging 
unhealed rvound and indicates that surgery has not attained its m 
The end results given by various authors in cases of osteom) 
of all bones were summarized bj’- Wilensky in tabular orm. 


11. Lewis, D. 

12. Wilensky, 


cute Osteomyelitis, J. A. M. A. 92:783-786 
O. : Osteomyelitis, New York, The Macmillan 


1934. 
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figures showed wide variation in the percentage of cases in which cure 
was recorded. Investigation of the original articles showed that the 
reported results were based largely on the status of the lesion at the 
time of the patient’s discharge from the hospital, which, as Farr 
remarked, depends on the degree of optimism of the house surgeon. 
My experience has been that many promising-looking lesions regress and 
persist for long periods after the patient leaves the hospital and that a 
consistent policy of after-care is necessary for really good results. 

The great advantage in the use of maggots seems to lie in the high 
percentage of closed lesions and in the relative scarcity of recurrences. 
This is doubtless due to the ability of the larvae to uncover hidden 
sequestrums and to seek out small abscesses which might otherwise 
become included in the new bone. This characteristic of maggots 
assumes more importance since the recent demonstration by Buchman 
that treatment with staphylococcus antitoxin and toxoid does not prevent 
recurrences or materially influence the progress of the local lesion. 
My own experience in this field, although not as extensive as that of 
Buchman,^'* tends to confirm his conclusions in every respect. The other 
advantages of treatment with maggots have been discussed fully.^° 

In criticism of maggot therapy it has been argued that the method is 
time consuming, expensive and painful. As shown in table 2, actual 
treatment with maggots occupies only 25 per cent of the entire period of 
disability in cases in which the condition is subacute, and in those in 
which it is chronic, a mere fraction of this total. The expense is not 
great when one considers the amount of time which is ultimately saved. 
A certain number of patients complain of pain, but with the use of 
sedatives, anesthetic ointments and frequent dressings this is never a 
serious drawback. Patients with long-standing wounds are willing to 
submit to discomfort if they can be given hope of ultimate cures. 

I do not think that maggot therapy is indicated in all cases of osteo- 
myelitis. The treatment described and practiced by Orr^ should cer- 
tainly be the ideal procedure in every case in which the condition is 
subacute. Only when the patient fails to make reasonable progress 
clinically is it necessary to consider the use of maggots. For chronic 

13. Farr, C. E. : Acute Osteomyelitis in Children, Ann. Surg. 83:686-692 
(May) 1926. 

14. Buchman, J. : The Use of Staphylococcus Toxoid in the Treatment of 
Chronic Osteomyelitis, J. A. M. A. 108:1151-1156 (April 3) 1937. 

15. Baer, W. S. ; The Treatment of Chronic Osteomyelitis with the Maggot 
(Larva of the Blowfly), J. Bone & Joint Surg. 13:438-475 (July) 1931. Robin- 
son, W., and Norwood, V. H. ; The Role of Surgical Maggots in the Disinfection 
of Osteomyelitis and Other Infected Wounds, ibid. 15:409-412 (April) 1933. 
Buchman, J., and Blair, J. E. : Maggots and Their Use in the Treatment of 
Chronic Osteomyelitis, Surg., Gynec. & Obst, 55:177-190 (Aug.) 1932. Maddock 
and Jensen.io 
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osteomyelitis their usefulness is probably much greater. It is doubtful 
that anything but maggot therapy could have produced closure of some 
of the chronic lesions in this series. Brodie’s abscess was treated with 
because in my cases it had been opened and packed by other 
surgeons. This lesion is more properly managed by conservative 
methods, such as primary closure and irrigation for a short period, 
with secondary closure.^^ 

It is natural to wonder whether maggot therapy for osteomyelitis 
is a medical fad or a significant contribution to science. After seven 
years of experience and many trials of various substitutes I still feel 
that the condition can be treated profitably with maggots and that no 
lesion should be given up as hopeless until maggot therapy has been tried. 

summary 

A series of 31 lesions in 29 cases of hematogenous osteomyelitis of 
the tibia treated with maggots is presented. The patients were followed 
up to the time of writing. Twenty-six of the lesions were closed, 1 still 
required treatment, 2 had necessitated amputation and 2 were lost. 
The management of wounds under maggot treatment is described. The 
chief objections to treatment with maggots are the time consumed, the 
expense and the pain. It is pointed out that none of these objections is 
particularly serious. The advantages of maggots are : rapid debridement 
of necrotic material, discovery of hidden sequestrums and pockets of 
pus, stimulation of granulations, continuous treatment, shortening of 
hospitalization and early rehabilitation of the patient. Subacute osteo- 
myelitis of the tibia should rarely become chronic, because of the easy 
accessibility of this bone. 

16. Bricknef, W. M. : The Treatment of Chronic Bone Abscesses ^ Simple 
Evacuation Through a Small Drill Hole, J. Bone & Joint Surg. 5:492-500 (July! 
1923. 

17. Wilensky,i2 p. 231. 



END RESULTS OF TUBERCULOUS CYSTITIS 

REPORT OF CASES 
JOHN B. WEAR, M.D. 

MADISON, WIS. 

The problem of renal tuberculosis has received exhaustive attention 
for many years. It is now generally recognized that the condition is a 
local manifestation of a general disease, and treatment is executed with 
that fact in mind. Most clinical discussions begin with mention of 
frequency of urination as the most common chief complaint and end by 
saying that the vesical lesions usually heal in from six months to a year 
after removal of the offending kidney. However, the failure of the 
urinary bladder to resume a normal condition after removal of all 
tuberculous foci in the urinary tract is not uncommon. French writers 
have called attention to the necessary activity of the bladder as a possible 
reason for failure of the lesions to heal. For other parts of the body 
rest is the best method of treatment, but for the bladder rest is impos- 
sible. The change in the vesical wall may be multiple ulcers causing a 
painful frequency of urination or the condition may progress to produce 
the well known contracted and sclerotic bladder wall with an extreme 
reduction in capacity. The endless methods of treatment directed at the 
relief of this distressing condition by their very number attest to 
frequent failure. 

With tuberculous cystitis, as with other conditions involving destruc- 
tion of the normal function of the bladder, the upper portion of the 
urinary tract is endangered. The process may so involve the intramural 
portion of the ureter from the single kidney as to result in hydro- 
nephrosis and eventual destruction of the kidney. Before this occurs 
the capacity of the bladder may be so reduced as to cause a frequency 
of urination not dissimilar to incontinence. The urgent necessity of 
relief for both of these conditions is apparent. 

Nephrostomy, cystostomy, ureterostomy and ureteral transplantation 
to the rectum have all been used as palliative procedures. Hinman ^ 
reported 4 cases in which he made ureteral transplants to the rectum 
because of extreme frequency of urination or a beginning dilatation in 
the remaining, nontuberculous kidney. In 2 of his cases he did pre- 

From the Department of Urology, the University of Wisconsin Medical School. 

1. Hinman, F. : Surgical Treatment of Lower Tract Tuberculosis, Genital 
and Vesical, J. Urol. 20:521-538, 1928. 
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liminary nephrostomies. At the time of his report (1928) 1 patient 
was still living two years after the operation. Hinman’s paper recorded 
the most extensive experience I was able to find in the literature dealing 
with the complete destruction of function by 'persisting tuberculous 
cystitis. 

As an example of the possibly destructive nature of tuberculous 
cystitis I wish to report 2 cases, in which there were different lesions 
and different operations. 

REPORT OF CASES 

Case 1. — "W. G. H., a man aged 22, was admitted to the hospital on May 7, 
1936, complaining of frequency of urination which began in 1931. Since that time 



Fig. 1. — Dilated pelvis and ureter. 


the condition had become progressively worse until the time forced to 

he was urinating every hour day and night. In January 1936 he wj jo 
wear a urinal. He had noticed hematuria and pyuna on many^^ 

Physical examination showed a young man in a fa ^^.^5 

weight was 128 pounds (58.1 Kg.). The lungs ^ ^, 3 ^ somewhat 

norLl. The right kidney was palpable and tender. The pro tate 
enlarged, nodular and tender. The external ^e^talia were normj.^^ 

The urine contained much pus and many red blood . 

showed normal conditions. The nonprotein A roentgenogram 

excretion of phenolsulfonphthalein was 50 per cent in two hours. A 

of the chest showed no active disease. anesthesia revealed a 

Cystoscopic examination with the patient j^rs, most marked 

contracted bladder with much edema and many " J ^ satisfactory fil''"? 

abound .he right orifice. Excceto,, tvcrc 

in the left kidney in seven minutes (fig,. 1)- 
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dilated to three times the normal size, and the ureteral dilatation extended down 
to the bladder wall. No dye appeared in the right kidney in any of the plates. 
Staining -of urine from the bladder showed tubercle bacilli. Because of the appar- 
ently functionless kidney on the right and the dilatation of the left ureter, a 
nephrostomy was done on the left side on May 21. Two months later a nephrec- 
tomy was performed on the right side. The kidney showed tuberculous pyo- 
nephrosis. Guinea pigs inoculated on two occasions with urine from the left kidney 
showed no evidence of tuberculosis. Figure 2 shows an excretory urogram taken 
on July 9. Both the pelvis and the ureter were well filled and showed that improve- 
ment had taken place since the introduction of the nephrostomy tube. The patient 
emptied his bladder only once a day. 

In April 1937, one year after the nephrostomy, the patient returned for a 
check-up. A pyeloureterogram (left side) taken after injection of the nephrostomy 
tube showed the pelvis and calices to be fairly normal, but the ureter remained 
dilated and tortuous (fig. 3). 

Not only has this patient been made much more comfortable than he has been 
in several years, but a destructive process in the left kidney has been arrested. 

• Case 2. — W. G. H., a man aged 54, was first admitted to the hospital on 
Dec. 6, 1931. The chief complaint was of dysuria and of frequency of urination, 
with voiding every ten minutes day and night. He had had the right kidney 
removed in 1914 because of tuberculosis. At the time of this operation he was 
having frequency of urination and dysuria. The nephrectomy wound drained for 
three years before healing. After this operation epididymitis developed, with 
draining sinuses in the scrotum. 

Physical examination showed a well developed, well nourished man weighing 
162 pounds (73.5 Kg.). The lungs were clear. The nephrectomy scar on the 
right side was well healed. A bilateral inguinal hernia was present. The epi- 
didymes were indurated, and the scrotum showed healed scars marking the site of 
the draining sinuses. 

The urine contained many white blood cells and red blood cells. Twenty-four 
hour specimens of urine showed no tubercle bacilli. Cystoscopic examination 
showed a definitely contracted bladder. The left ureter could not be catheterized. 
The capacity of the bladder was 30 cc. (under spinal anesthesia). Excretory 
urograms demonstrated satisfactory filling of the left renal pelvis in five minutes. 
The pelvis and calices were apparently normal, and nothing was suggestive of 
tuberculosis (fig. 4). Irrigations with phenol were done. This produced some 
improvement in the cystitis, but the bladder could not be distended sufficiently for 
catheterization of the left ureter. Owing to the contraction of the bladder, which 
made this organ absolutely useless, the left ureter was transplanted into the sig- 
moid on April 14. The postoperative course was satisfactory. At the time of his 
discharge the patient was able to hold the urine in the bowel for three to six 
hours. 

Excretory urograms taken as a check-up showed a normal left kidney (fig. 5A). 
Excretory urograms taken three years later, in 1935 (fig. 5B), showed the upper 
and lower calices to be dilated to twice the normal size. The middle calyx was 
normal. The ureter was dilated to twice the normal size. The patient returned 
to this hospital on Sept. 18, 1937, five and a half years after the operation, for a 
check-up. Figure 5C is the excretory urogram taken at this time. He was in 
excellent general physical condition. He stated that he was emptying his bowels 
about every four hours. His weight was 185 pounds (83.9 Kg.). 
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Fig. 4. — Excretory urogram taken before a ureteral transplantation. 



Fig. 5. — Results of ureteral transplantation ; A, excretory urogram taken two 
months after transplantation; B, excretory urogram taken three years after trans- 
plantation; C, e.xcretory urogram taken five and one-half years after transplantation. 
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This patient’s bladder was so destroyed by fibrous tissue that instead 
of being an organ of convenience it had become a source of constant 
pain and discomfort, resulting in incontinence. Even though his remain- 
ing kidney was normal, his life was unbearable. What eventually would 
have happened to this kidney it is impossible to say, but the irreparable 
damage to the bladder made some procedure necessary. 

COMMENT 

These 2 cases demonstrate what occasionally may occur as the end 
result of tuberculous cystitis, namely: (1) destruction of an uninfected 
kidney by ureteral obstruction and (2) total loss of vesical function as a 
result of sclerosis and of destruction by fibrous tissue. 



CYSTS OF EXTERNAL SEMILUNAR CARTILAGE 


REPORT OF THREE CASES 

SAMUEL KLEINBERG, M.D. 

NEW YORK 

Although the literature contains records of a fairly large number of 
cysts of the semilunar cartilages, Bennett and Shaw having recently 
collected 163 cases, only a few surgeons have treated the condition in 
more than 1 or 2 cases. I reported a cyst of the external meniscus 
in 1927 and did not see another until 1937. Compared with other 
derangements of the knee, such as torn and displaced semilunar carti- 
lages, cysts of either cartilage are rare. Nor is it likely that many are 
missed or undiagnosed, because the symptoms are noticeable, and the 
lesion sooner or later reaches conspicuous proportions and interferes 
with function of the knee joint. 

The symptoms of a cyst of the external semilunar cartilage are 
swelling, pain and variable disability. Tumefaction is the most impor- 
tant symptom. In the early stage the swelling is small and may be 
indistinguishable from the adjacent soft tissues. By the time a physi- 
cian is consulted, however, the mass is visible and palpable. It is located 
in the interval between the tibia and the femur, at the joint line between 
the lateral ligament and the infrapatellar fat pad, but is distinct from 
both. The mass varies in size from that of a small hazelnut to that of 
a pigeon’s egg. It is elastic, sometimes fluctuant and usually slightly 
sensitive to pressure. On complete extension of the knee the swelling 
diminishes or may even disappear by recession into the joint space, 
while on flexion it becomes prominent. The mass is flrmly attached 
to the deep tissues but not to the overlying skin and subcutaneous 
tissues. Though there is some local sensitiveness, there is no evidence 
of inflammation. The swelling is readily palpated, but its limits are 
not sharply defined. 

The pain is mild to moderate and is referred to the region of the 
tumefaction. It may radiate up the thigh or down the leg. Exercise 
increases the pain, and rest relieves it. ^Vith the majority of patients 
the onset of pain is insidious and seemingly is not initiated by any 
definite cause, such as trauma or excessive use. In a minority of cases 
the symptoms appear after an injur 3 ^ The pain sometimes comes in 
attacks, being completely absent in the intervals. Finalh% howe\"er, it 
becomes constant and fairly severe. In the early stages, wlien the mass 
is small, it does not cause any pressure on the surrounding tissues 
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nor does it interfere with the free mobility of the tibia on the, femur; 
hence it does not cause discomfort. As the mass enlarges, however, it 
encroaches and pi esses on the joint capsule and the cartilage, causing 
pain. 

The degree of disablement is variable. Most patients are able to 
walk as much as they please, noticing difficulty only when tliey first 
arise from the sitting position or when they first begin to walk. During 
attacks of moderate pain the patient may limit his activity, but he is 
never compelled to stop work. For sensitive persons the presence of a 
mass in the knee and the moderate discomfort create a physical and 
especially a psychic hazard which reduces activity. In an occasional 
case the cystic mass, which is perhaps loosely attached to the capsule, 
moves in and out of the joint, and the patient is aware of it; there 
may even be mild temporary locking of the knee. Actually, flexion and 
extension of the knee, both active and passive, are free. As time passes, 
the swelling, pain and disablement increase. The patient tires easily 
and may notice a continuous ache in the knee. At this stage he seeks 
medical aid and usually submits to an operation. I have had no expe- 
rience with a patient who had harbored a meniscal cyst for many years. 
As this lesion occurs in young adults, who are not as hesitant about 
being operated on as older persons often are, and as the surgeon can 
assure complete relief on removal of the cyst and cartilage, one may 
reasonably assume that the lesion is always subjected to surgical 
treatment. 


ETIOLOGY 

Bennett and Shaw stated that the average age of the patients in 
73 cases of cyst of the semilunar cartilage was 29.6 years. In my 
group of 4 cases, 3 presented in this communication and 1 previously 
reported, the average age was 28 years. Males are more frequently 
affected than females. These facts have led some surgeons to believe 
that this lesion is of traumatic origin. It is also true that there is a 
history of injury, sometimes rather vague, in about half the cases. 
Theoretically it is certainly conceivable that an injury to the front o 
the cartilage, damaging also the capsule, might result in a hematoma 
which might undergo cystic degeneration. The cyst or cysts, eing 
loosely encapsulated, become enlarged, interfere with the local circu 
lation and cause further cystic degeneration. A vicious circle is es a 
lished, and the result is a cystic mass of the meniscocapsular 
Yet it is difficult to set aside the fact that tliere are no cysts m 
hundreds of injured and dislocated meniscuses which ph 7 ®icians 
and remove. Dr. H. L. Jaffe, pathologist at the Hospital for ^ 
Diseases, in discussing this problem with me, stated la 
times seen microscopic cysts in the torn cartilages ^“^^5 

to his laboratory. Clinically, however. I surely do not see . , ^ 
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multilocular encapsulated cysts in the removed meniscuses ruptured 
and dislocated by injury. It is worth recalling too that while the internal 
meniscus is damaged nine times more frequently than is the external 
meniscus, cysts occur much more often in the latter than in the former. 
It has been suggested that an injury may cause pinching off of a bit 
of synovial tissue, which, becoming encapsulated, gradually forms a 
cystic mass. This theory seems plausible because the cells lining the 
C 3 ’'sts and those lining the synovial tissue are histologically analogous. 
The specificity of the lesion and its location lead me to believe that 
it is caused by a metabolic disturbance in the cartilage, initiated by 
trauma or some unknown factor, as a result of which the cartilage cells 
necrose. Thus are formed defects which coalesce into cysts. 



Fig. 1 (case i). — Scliematic drawing of the sectioned specimen. Multiple cysts 
of unequal size, encapsulated in the meniscocapsular tissues. 

PATHOLOGIC PICTURE 

The lesion under consideration consists of a multilocular cystic 
mass situated at the anterior border of the anterior or middle third of 
either the external or the internal meniscus. Parenthetically, it should 
be noted as a point against the theory of a simple traumatic cause that 
although the posterior third of the meniscus is often injured a cyst is 
never seen in that segment of the cartilage. The cystic mass (fig. 1) 
is enclosed in loose connective tissue and lies in the meniscocapsular 
tissues. The cystic mass is actually in and part of the peripheral por- 
tion of the cartilage. This location at and in the meniscocapsular 
junction makes it difficult to determine whether the cysts arise pri- 
marily in the cartilage and extend into the fibrous capsule, or whether 
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they form first in the capsulosynovial tissue and secondarily invade 
the cartilage. There are usually many cysts, some small, others large, 
filled with mucinous, glairy material. There is a limiting membrane, 
but this is loose, vascular and poorly defined. 

The microscopic section shows a multilocular cystic area lying 
between and united to the cartilage and the capsule. A cross section 
(fig. 2) may conveniently be divided into an avascular segment (A), 



Fig. 2 (case 1).— Cross section of the cartilage and cyst, X S. A, avascular- 
portion, containing cartilage with (a) areas of degeneration iii it. 
portion, including the periphery of the cartilage (</), the cystic mass 
the capsulosynovial tissue (c). The cysts (e) are of different size, 
have distinct walls (<?') while others are enlarging and coalescing, 
limiting membrane or a poorly defined one (g). 


containing the cartilage, in which are to be found small 

eration (a), and the vascular portion (B), m which aie i . 

cystic mass (&). the capsule and synovial lining (c) and P 
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of the cartilage (d). The cysts in places have well defined walls of con- 
nective tissue lined with flat cells (e). In other sections one notes 
connective tissue cells in the process of degeneration (f). The cysts 
are filled with mucinous material. The origin of this is uncertain. It 
may be the result of secretion of the lining cells, or it may arise from 
the liquefaction of the connective tissue and lining cells, tliat is, it may 



Fig. 3 (case 1). — Enlargement (X 30) of the section marked Mi' in figure 2: 
a, cysts with lining membrane; b, cysts without distinct lining cells, in the process 
of formation and enlargement; c, degenerating connective tissue cells. 

be a product of degeneration. The cells of the lining membrane of the 
cysts are histologically analogovts to those of the synovial tissue; this 
fact suggests the possibility of traumatic isolation and enclosure of 
some of the synovial tissue, which in its growth may form cysts and 
encroach on the cartilage. 
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REPORT OF CASES 


Case 1.— N. K., a man aged 27, was referred to me in September 1936. His 
diief complaint was of pain and swelling on the outer side of the right knee. 
The symptoms had first appeared about two years previously, following a fast 
pme of handball. He began to have pains in the lateral aspect of the right knee 
joint. Several \yeeks later a swelling appeared in this region. The pain was 
increased by weight bearing and relieved by rest. At times the knee gave way 
suddenly, as a result of which the patient had cultivated the habit of rising 
from the sitting position with the knee completely extended, thus avoiding the 
likelihood of falling. He had never had any locking of the knee. 

Examination showed a swelling on tlie outer side of the right knee, in the 
region of the external semilunar cartilage. The swelling was about 2 inches 
(5 cm.) in diameter and was moderately sensitive to pressure. On extension the 
mass almost completely disappeared, Avhile on flexion it became conspicuous. 
Palpation revealed that the mass was intimately bound down to the deep tissues. 
A roentgen study of the knee gave negative results. A diagnosis of cyst of the 
external semilunar cartilage was made. 

The patient was admitted to the Hospital for Joint Diseases, and operation 
was performed on October 12. A vertical incision 5 inches (12.5 cm.) in length 
was made over the outer aspect of the knee. The deep tissues were incised 
vertically, and a mass about the size of a pigeon’s egg was seen at the joint 
line, in intimate association with the external semilunar cartilage. The cartilage 
and cyst were removed in one mass. The specimen showed that the cyst was 
part of the semilunar cartilage (figs. 1 and 2). Tlie cut section of the gross 
specimen (fig. 1) showed a multilocular cystic mass. The report of the patliologist. 
Dr. Henry L. Jaffe, was as follows; “Gross examination; The specimen consists 
of an external semilunar cartilage considerably enlarged in its central portion, 
owing to cystic transformation of the parameniscal tissue [fig. 2], Microscopic 
examination : The section shows a meniscus with parameniscal multilocular cj'sts. 
The meniscus itself shows cons’derable degeneration, with small cystic spaces 
[a in fig. 2 A] developing within its substance.” 

In this instance it may very well be that there was a primary degenerative 
process within the periphery of the cartilage, resulting from the degeneration of 
the cartilage cells. The cyst enlarged and advanced, causing further degeneration 
of the cartilage and involvement of the capsular tissue. The actual pathogenesis 


is nevertheless a matter of speculation. 

This patient had an uneventful convalescence. The wound healed by priniars 
union. At the time of writing the knee is stable and freely movable. The patien 
was reexamined on Dec. 15, 1937 and was found to be entirely cured. 

Case 2.— L. H. R., a man aged 34, was referred to me in June 
chief complaint was of pain of about six months’ duration on the outer si 
the right knee. There was no known antecedent injury or illness. I le 
which appeared only when the patient was walking, was mild, and it 
in a week. It recurred periodically and with increasing severit.v. It was 
on the lateral side of the knee. There had been no locking an no e 
into the knee, but there was a clicking sensation when the ukc « 
Occasionally the knee “gave way" as if it had been kicked from un <- pjeased. 

fell. There had been no limp, and the patient could waik as niuc i c 

Examination showed an easily palpable, apparently fluctuating n - 
as a pigeon’s egg on the outer side of the right ktiee. m ^le 
external semilunar cartilage. There was no local tendc . 
inflammation was present. The mass was firmly attached to the 
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The skin and subcutaneous tissues were freely movable. A roentgen study of the 
knee revealed no pathologic change in the bone. A diagnosis of cyst of the 
external semilunar cartilage was made, and operation was performed on June 12. 
A short vertical incision was made over the anteroexternal aspect of the right 
knee, the middle of the incision being over the joint line. The incision was 
extended through the aponeurotic expansion of the vastus externus muscle. When 
the edges of this aponeurosis were retracted a mass about the size of a large 
marble was exposed. This was beneath and intimately bound down to the capsule 
of the joint. The joint capsule was incised transversely above and below the 
mass to permit removal of the cartilage and cyst en masse. The wound was closed 
in layers. An incision was made through the mass and the meniscus. The 



Fig. 4 (case 2). — Cross section (X 5) through the largest diameter of the 
specimen : A, avascular portion of the meniscus ; B, vascular portion containing 
the periphery of the meniscus, the cyst and the capsule; c, synovial membrane; 
d, areas of degeneration in the cartilage; e, cysts; f, mucinous material in the 
cyst ; < 7 , periphery of the cartilage. 

mass was a multilocular cyst (fig. 4) containing glairy mucoid material. It was 
thoroughly embedded in the periphery of the fibrocartilage and was intimately 
attached to the capsule of the joint. Dr. Henry L. Jaffe reported on this speci- 
men as follows : "Gross examination : The specimen consists of a somewhat 
enlarged meniscus. In the parameniscal tissue there is a multilocular, thin-walled 
cystic structure containing mucinous secretion. At one point, penetration of the 
cyst into the meniscus proper is observed. Microscopic examination : Sections 
show typical changes of parameniscal ej’st formation with extension of the cyst 
to the meniscus proper. The meniscus itself shows degenerative changes, with 
tiny cystic spaces [fig, 4, dj. The extramcniscal cysts are in various stages of 
evolution. They apparently have arisen by liquefaction of degenerated and 
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softened connective tissue at the meniscocapsular border. These cysts are lined 
y flattened cells, apparently modified connective tissue cells. The tiny intra 
memscal postdegenerative spaces are for the most part unlined.” 

This lesion was evidently the usual type of cyst of the external semilunar 
cartilage, beginning insidiously and progressing over a period of several months 
to a point at which it caused disability and sensitiveness of the knee joint. The 
histologic study gave no^ clue as to whether the cyst was first formed in the 
capsular tissue and then invaded the meniscus or whether it occurred immediately 
as a degenerative process of the meniscal tissue. 

The operative result was entirely satisfactory. The wound healed per primam 
intentionem. The patient regained a normal range of motion and full control 
of the knee joint. 


Case 3 . — C. B., a woman aged 19, was referred to me in January 1932 
because of pain in the left knee. The pain had begun four years previously 
without any apparent cause. It appeared intermittently in more or less severe 
attacks. The attacks increased in severity, so that the patient finally sought medical 
aid. The pain was always increased by walking and relieved by rest. The patient 
stated that at times she was suddenly aware of “something slipping in the knee 
and getting out of place.” When this occurred she flexed the knee acutely and 
was promptly relieved. 

Examination showed that the patient walked without a limp. The left knee 
presented a distinct swelling on the outer aspect, in the region of the joint line, 
directly in front of the lateral ligament. The mass was cystic and fluctuant. 
It was somewhat tender to pressure. Flexion and extension of the knee were 
free. There was no abnormal anteroposterior, rotary or lateral motion. A diag- 
nosis of cyst of the external semilunar cartilage was made. An operation was 
advised but was not performed by me. Attempts to trace this patient have been 
unsuccessful. 


SUMMARY 

Cyst of the external semilunar cartilages is a distinct entity which 
is easily diagnosed clinically. The lesion occurs chiefly in. young adults, 
more frequently in males than in females. It is located in the menisco- 
capsular tissues. Its genesis is uncertain. As there is a history of injury 
in many cases, some surgeons believe that the lesion is initiated by au 
injury to the cartilage, as a result of which there is a hemorrhage with 
subsequent degeneration and liquefaction of the hematoma followed bj 
cyst formation. Actually there are many cysts, some of which coalesce 
to form large cysts. Some are lined witlr a distinct connective 
membrane covered with flat endothelial cells or perhaps with modi e 
connective tissue cells resembling those which line synovial tissue. ’ 
lesion may represent a degenerative process in tire meniscocapsu ar 
tissues, secondary to a vascular disturbance initiated by a trauma 
other cause. Doubt as to whether trauma is an important 
factor arises from the fact that in the large number of cases o ^ P 
ture and displacement of the semilunar cartilages cause y . 

instance of a multllocular cyst has been observed. 
treatment is not dependent on knowledge recur- 

the cyst and the cartilage affords complete relief, and thus 

rence has been reported. 
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PROSTATE GLAND 

Physiology . — Farrell described a method by which pure prostatic 
fluid may be obtained for study. The action of drugs on the prostate 
gland has been noted, as well as the response to electrical stimuli. The 
prostatic secretion of the dog is consistently acid. The secretion, as 
demonstrated by its intravenous injection or by perfusion experiments, 
has no great toxicity. 

Many of the substances, used therapeuticall}' in urologic practice 
are secreted by the prostate gland. These substances do not appear to 
enhance the bactericidal action of the prostatic fluid. The normal pro- 
static fluid has a bactericidal action. The exact cause of this action is 
not known. Experiments are now being conducted to determine it. 

Alcohol is eliminated by the prostate gland in measurable amounts. 
It has a deleterious action on the viability of sperm. Alcohol may be 
a factor in sterility. 

35. Farrell, J. L; The Newer Physiology of the Prostate Gland, J. Urol. 
39:171-185 (Feb.) 1938. 
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HypertropJiy.~Mussgnug^° stated that damaged renal function in 
a patient with hypertrophy of the prostate gland is not always the 
result of residual urine and infection but that a toxic agent -is also a 
factor. To prove this hypothesis he injected an extract of canine hyper- 
trophic prostate gland into one series of dogs, and into another series 
he injected an extract of human hypertrophic prostate gland. Tliere 
were two series for controls; one series was given injections of an 
extract of normal canine prostate gland, and the other was given 
extracts from other organs (the spleen, the liver, the thyroid gland, 
the musculature and the testis). 

Regular examinations were made of the urine, the blood pressure 
and the concentration of urea in the blood, and the kidneys were 
examined microscopically at postmortem examination. The animals 
used as controls failed to show damaged renal function after the injec- 
tions had been continued for half a year. 

The animals given injections of extract of human and canine hyper- 
trophic prostate gland all showed decreased renal function within a few 
weeks, which in many instances led to death. Anatomically Mussgnug 
found a primary toxic injury of the glomeruli with secondary degen- 
erative changes in the tubules. The changes Avere similar to the renal 
changes observed during pregnancy. In experiments performed with 
the animals under general anesthesia, when the ureter was exposed 
and an extract of hypertrophic prostate gland was injected intrave- 
nously, ureteral peristalsis was discontinued. 

Mussgnug concluded that the best procedure is to remove the hyper- 
trophic prostate gland at operation as radically as possih;^ in order to 
make sure of removal of the toxic focus. 

Young stated that transurethral operations have proved satis- 
factory in treatment of obstructive conditions at the vesical neck, par- 
ticularly contractures, bars and moderate enlargements. When the dis- 
ease has progressed much beyond this stage, according to statistics of 
a number of operators, enucleation of the prostate gland (preferabl} 
through the perineum) is the method of choice. By this means it is 
possible to see and feel the prostate gland, Avhich is brought down b) 
the tractor so that it may be examined carefully. A portion ma} e\en 
be excised for microscopic study if necessary. Thus the presence o 
early malignant changes may be detected and radical operation carrie 
out. If the process is not malignant (in about 1 in S cases it is ma ig 
nant) enucleation of the hypertrophied lobes from within the P™® ^ 
gland may be carried out cleanly, the hemorrhage being comp e e } 


36. Mussgnug, H. : Ueber die Entstehung der Nierenerkrankung be 
tahypertrophie, Ztschr. f. urol. Chir. u. Gynak. 43:497-526 (Ian.) I _ 

37. Young, H. H.: Some Problems in Surgical Treatment of the P - 
J. A. U. A. 110:280-283 (Jan. 22) 1938. 
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arrested by ligatures and sutures and the operative wound closed. This 
method provides a clean surgical technic, and one has the satisfaction 
of preventing sloughing and infection, which frequently persist for a 
considerable period after transurethral operations and lead to painful 
prostatitis in the remaining glandular tissue, to cystitis and to irrita- 
tion ; the symptoms of these conditions are frequently worse than those 
associated with obstruction. 

Tillisch reported a case of h)q 3 erplasia of the prostate gland. The 
patient, a man aged 29, came to the Mayo Clinic because of difficulty 
of urination. His present trouble had started several years before he 
was seen at the clinic and consisted of hesitancy in starting urination 
and scantiness of the urinary stream. There had been gradual increase 
in the severity of symptoms until one year previously, when severe 
frequency and urgency of urination had developed. A roentgenogram 
of the kidneys, ureters and bladder, taken elsewhere at that time, had 
revealed vesical calculi, which were removed cystoscopically. After this 
procedure the patient had complete relief of pain but frequency of 
urination continued, and he had nocturia (two to three times each 
night). There also was an increase in hesitancy; the stream became 
smaller, and the patient had the sensation of incomplete emptying of 
the bladder. 

Examination of the prostate gland by rectum revealed a boggy gland, 
apparently normal in size. Results of urinalysis were negative. Cysto- 
scopic examination revealed definite hypertrophy of the lateral lobe of 
the prostate gland, projecting anteriorly, and definite commissural 
enlargement. Transurethral resection was performed, and 4 Gm. of 
tissue was removed. 

Thompson, in a discussion of the case, pointed out that an unusual 
feature is the fact that the obstructing tissue removed from the prostate 
gland, although the patient was only 29 years old, was similar to the 
adenofibromatous hyperplastic tissue which frequently causes obstruc- 
tion of the prostatic urethra in elderly men. Tillisch’s patient was the 
youngest patient with such a lesion to be seen at the clinic. 

The cause of this patient’s difficulty in urination was easily recog- 
nized through use of a cystoscope equipped with a system of retrograde 
lenses. The nodular appearance of the left lateral lobe of the prostate 
gland, which projected anteriorl}'-, was grosslj'^ typical of adenomatous 
hyperplasia, and microscopic study of the removed tissue verified the 
impression. 

Obstruction at the vesical neck rarely occurs in a 3 'oung man. In 
the majority of cases either a median bar or a contracture of the vesical 
neck secondary to chronic prostatitis is present. 

38. Tilliscli, J. H. : Hyperplasia of the Prostate Gland : Report of an Unusual 
Case. Proc. Staff Meet.. Mayo Clin. 13:62-63 (Jan. 26) 1938. 



838 


ARCHIVES OF SURGERY 


Walthard examined 100 prostate glands of men 
more than 40 years of age. The specimens were obtained at necropsy. 
None of the patients had died from disease of the prostate gland. The 
glands were cut in series, and every third section was examined. The 
results of this concise and thorough study are extremely interesting and 
influence one’s views regarding prostatectomy. 

In 30 cases Walthard observed an undeniable carcinoma of the 
prostate. In no case could the diagnosis be made before necrospy was 
performed, nor had the patient during his stay in the hospital shown 
any sign of prostatic malignant tumor. In 25 cases signs of malignant 
infiltration were observed ; in 5 cases the typical picture of carcinoma 
w^as observed without an}' infiltrative growth into the regional tissue. 

In the overwhelming majority of cases the carcinoma was in the 
prostate gland itself, that is, in the surgical capsule around the ade- 
nomatous nodules of the periurethral glands which form the surgical 
prostate gland. In 24 cases carcinoma occurred in its caudal part, 
between the colliculus seminalis and the caudal end of the gland, 
according to Young’s findings. In 5 cases the carcinoma was situated 
both in the caudal third and in the middle third of the prostate gland, 
and in only 1 case was it near the bladder. In 4 instances carcinoma 
was observed in a benign nodule, but in 3 of these it could be demon- 
strated that the malignant growth had infiltrated the benign nodule only 
secondarily, from the outside. 

As carcinoma and benign hy'pertrophy occur in patients of the same 
age groups, the surgeon can draw the following conclusions : 

When an operation for hypertrophy of the prostate gland is neces- 
sary, there is a probability that carcinoma is concomitantly present in 
30 per cent of cases. If it is desired to give prophylactic treatment for 
the carcinoma as ■well as to remove the obstacle to free outflow of urine, 
the perineal route should be used. From the point of view of prophy- 
laxis, perineal prostatectomy is superior to transurethral resection or 
suprapubic enucleation. It is the only approach ■which gives a clear 
view of the prostate gland, allowing removal of the hypertrophied 
adenomatous nodules, as well as the anatomic prostate gland (the stir 
gical capsule), extensively enough for sufficient prophylaxis. Althougi 
the mortality rate (4 per cent) of prostatic carcinoma can in no I'ay 
be compared with the morbidity rate (30 per cent), one can ne\er te 
in ■which case the carcinoma may spread and cause cliiiical symptom 

Chauvin stated that no single form of treatment is apphca e m 
all cases of cancer of the prostate. In cases in which the ma ign 


39. Walthard, B. : Die Haufigkeit und Histogenese des Prostatacarcwoms, 

Ztschr. f. urol. Chir. u. Gynak. 43:483-496 (Jan.) 1938. ,, , { Urol 

40. Chauvin, E.: Cancer of the Prostate, Kong. d. internat. Gesel • 

2:98-102, 1937. 
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tumor has developed but slightly, the growth is certainly amenable to 
surgical removal ; this can be accomplished by simple enucleation 
(Freyer), often with simultaneous removal of the seminal vesicles, 
which may have been invaded. 

A tumor of moderate development offers a more difficult problem. 
In the presence of such a tumor the capsule is invaded or even trans- 
cended but the tumor remains well limited. Wide prostatectomy, 
whether transvesical (Pauchet) or perineal (Young), is too grave an 
operation (46 per cent mortality) ; in addition, it destroys the sphincters, 
leaving the patient incontinent, and does not remove the danger of meta- 
static foci causing extension, especiall}' in the bone. Chauvin has gir^en 
up such destructive operations in favor of the use of radium, which is 
a valuable remedy and is attended with less risk. He disposes of the 
objections that it is horribly painful, that it is ineffective, that it encour- 
ages metastasis and that it is useless. It is not painful, or at most it 
causes very little pain, if applied by the perineal route. It is ineffective 
only when the technic is faulty. Irradiation must be homogeneous and 
prolonged; all parts of the tumor must receive an equal dose, and 
applications must be maintained for eight or ten days. The needles 
must carry a charge not exceeding 2 mg. of radium element. 

Chauvin has treated 56 patients by this method, with only 3 failures 
and 3 recurrences. As for metastasis, it, too, is caused by faulty 
technic, inadequate doses and uneven application. If radium is properly 
applied, metastasis is not more extensive after its use than after sur- 
gical extirpation and is possibly less so. Radium therapy cannot be 
called useless when the alternative is retention of urine, followed by 
the slow agony that is the lot of a patient on whom C3'^stostomy is per- 
formed. 

Although cures by radium therap)" are rare, they are nevertheless 
possible, in so far as one may speak of a cure of cancer. Chauvin 
recorded his results as follows; Among 56 patients treated with radium 
there were only 5 deaths (8.9 per cent). Application of radium caused 
little discomfort when it was not made inti'avesicalty ; there was none 
of the intense vesical tenesmus reported by certain authors. The action 
of the radium was surprising in its rapidity, its definiteness and, one 
might almost sa)', its constanc}'. After removal of the needles the 
lesions were found to be destroyed ; there were no more nodules and no 
inequalities of form or consistenc)'. The tumor ^Yas replaced by a uni- 
form mass, dense but not hard, which formed a lining behind the sym- 
physis. In onl}’ 4 cases did failure occur. Late results were still more 
interesting. Recurrences in situ are exceptional in such cases ; Chauvin 
has had only 4. Aletastasis appears to be more frequent. Its incidence 
cannot be determined with any exactitude, because patients with this 
condition come onh" exceptionally into the urologic service. With 
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ladium, as with the hiiifc, one may expect only pui'ely local action. 
Chauvin has seen 2 of his patients in perfect health five and six years, 
respectively, after treatment. 

Functional results were good in the great majority of cases. Almost 
normal micturition resulted in cases of chronic retention and ischuria; 
cystostomy was necessary in only 6 cases. These results were obtained 
at the expense of discomfort which is insignificant when one considers 
the gravity of surgical intervention and the suffering caused by it. 

For a tumor of the third stage, which has cleared the capsule and 
has advanced to any extent into the pelvis, nothing is to be expected 
from the use of radium. Only palliative therapy is applicable. 

Pasteau,'^^ like others, made many attempts to find clinical signs 
that would lead to a definite early diagnosis of cancer of the prostate 
gland, but he failed. He stated that in his opinion the radical operation 
is not advisable. He stated also that treatment with roentgen rays or 
radium is not followed by cure but is, on the contrary, followed by 
intense pain and by accelerated extension of the malignant process. He 
has adopted the following course: 

1. Because a prostate gland removed with a diagnosis of simple 
hypertrophy frequently contains nodules of malignant degeneration and 
because with such a condition suprapubic prostatectomy is followed by 
cure or by such long survival without pain or complications that one 
may speak clinically of cure, immediate and rapid prostatectomy is 
recommended when there is any doubt as to the nature of the lesion. 
The surgeon who makes it a practice to remove a prostate gland for 
simple hypertrophy is, in effect, controlling cancer of the prostate gland. 

2. When the diagnosis of cancer is almost certain, it is better not 
to arouse illusory hope in the patient by surgical intervention. Radium 
and roentgen therapy, in view of their poor results are not recom- 
mended. The mechanical complications caused by retention should be 
cared for, and when retention occurs the bladder should be drained by 
suprapubic cystostomy. Precautions should be taken to assure subse- 
quent cleanliness, this being the best means of preventing the severe 
infection which may occur when the bladder is not sufficiently emptie . 
Thus the fatal termination is retarded as much as possible, and tie 

patient is saved from needless pain. 

Lasio ■*- stated that treatment of cancer of the prostate gland, a er 
the illusory results given by major operative methods, has m the last 
decade turned to physical therapy and especially to the use of roentgen 
rays and radium. 

41 . Pasteait, O. : Cancer of the Prostate, Kong. d. internat. Gesellscli. f. 

^'^42^ Last) G B,: Treatment of Cancer of the Prostate, Kong. d. internat. 
Gesellsch'. f. Urol. 2:124-130. 1937. 
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From an etiologic point of view, three main varieties of cancer of 
the prostate gland can be distinguished; (1) primary prostatic cancer 
in an organ which has not been invaded previously by any other kind 
of neoplasm, (2) cancer in an adenomatous prostate gland, and (3) 
cancer of the capsule of the prostate gland, or, more precisely, cancer 
developing in the fibroadenomatous glandular capsule of a prostatic 
adenoma that has been extirpated or that has not yet been operated on. 

Lasio explained cancer as degeneration of the adenoma or as the 
result of irritation, degeneration and atypical proliferation of the epi- 
thelial cells of the true prostate gland. He reviewed all the symptoms 
in an efifort to find signs that might aid in early diagnosis but concluded 
that this is still impossible. Such means as are available allow the dis- 
covery of the cancer only after it has reached a stage too advanced for 
any attempt at radical cure. 

Lasio’s personal observations were based on 1,855 cases of adenoma 
of the prostate gland, in 155 of which a beginning carcinoma was found. 
This material, however, did not lend itself well to the solution of prob- 
lems concerning pathogenesis ; it happened either that only the adenoma 
and not its capsule was examined microscopically, or the adenoma was 
found absolutely free from cancerous degeneration (the proper study 
of which would require the examination of serial sections throughout 
the entire organ, which has never been rigorously done, according to 
any statistics published). 

It may be considered proved that from unquestionably benign hyper- 
trophy a malignant transformation may develop, just as a cancer may 
start from a vesical papilloma. The secret of operative success lies in 
early diagnosis, while the process is limited to the prostate gland and 
its involucrums, with guarantee of absence of lymphatic metastasis. 
Clinical methods are not equal to this task. No method now exists 
which enables the surgeon to arrive at an early diagnosis. To this 
fact Lasio attributed the failures following his operations, results which, 
he stated, are shared by the majority of surgeons. 

In cases of retention, permanent cystotomy is indicated to relieve 
suffering and to prevent infection; the exclusion of the cancerigenic 
zone arrests to some extent the development of the cancer, which is no 
longer subjected to irritative functional, instrumental and septic stimuli, 
hifty per cent of Lasio’s patients who were operated on received great 
benefit from this treatment, so that the}"^ gained in weight and in some 
cases asked for closure of the fistula, believing themselves cured. 

Ihe hypogastric route offers the advantage of permitting direct 
application of radium and roentgen ra 3 's, but Lasio’s results were so 
poor that he gave up the method. Application of radium b}' way of the 
urethra gave a good local result but accomplished nothing definitive. 
The outcome in 2 cases in which radium was placed in the bed of the 
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S-dcncctoniizcci prostate gland was fatal within one and three months, 
respectively. Transvesical prostatectomy followed by radium therapy 
by way of the hypogastrium and the urethra was followed by death 
in two months; the same treatment with application of radium in the 
hypogastrium and the perineum prolonged life for six months. Perine- 
otomy with infixation of needles by way of the perineal route in 3 cases 
was followed in 2 by death within a )'ear and in 1 by clinical improve- 
ment but by no local effect. 

Results of this kind are not encouraging, and Lasio concluded that 
new experiments must be tried if better results are to be obtained. 

Bonanome reviewed the statistics concerning 952 patients with 
disease of the prostate gland treated in his clinic at Rome, Italy. Eight 
hundred and fifty of these had prostatic hypertrophy, and 102 had 
cancer of the prostate gland. Of the cases in which cancer was present, 
the diagnosis was certain in 66 ; in the other 36, operative and histologic 
control was wanting. In terms of percentage of the whole, the cases of 
cancer constitute 12 per cent of the series, which decreases to 7.7 per 
cent if only the 66 fully proved cases are considered. These figures 
are not far from those of Ascoli (7.7 per cent) and of Blatt (7 per cent) 
but are far below those of Mingazzini (21 per cent) and of Young 
(18 per cent). All these figures might be increased if it were possible 
to compile, in addition, statistics regarding the later evolution of the 
cases, including the histologic reports. The difficulty of making a dif- 
ferential diagnosis between chronic prostatitis and cancer of tlie 
prostate gland is well known. 

If it were possible to distinguish clinically between cancer derived 
from the submucous glands of the vesical neck and cancer derived from 
the true prostate gland, the first could be treated with enucleation, as 
in the case of ordinary prostatic hypertrophy, provided that operation 
was done early and metastasis had not occurred. In the treatment of 
cancer of the true prostate gland Bonanome has abstained from radical 
operation and has addressed himself to the relief of certain symptoms, 
such as retention, dysuria, ischuria and hematuria, by performing c\s 
totomy or by use of transurethral electrotomy associated with roentgen 
therapy. Pollakiuria is greatly benefited b)’’ roentgen therap} , in some 
of the author’s cases it disappeared in two days, with diminution or 
cessation of burning and pain on urination. The jet increased m orce 
and caliber, and the general condition of the patient improve great}- 
In some cases, however, benefit does not follow this treatment. 

The behavior of metastatic foci in bone is interesting, suci o^^ 
having been sensitive to irradiation. In 1 case, in which t lerc 

43. Bonanome, A. L.: Treatment of Prostatic Cancer, Kong-, d- r 
Gesellsch. f. Urol. 2:132-136, 1937. 
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bilateral sciatica and in which roentgen examination of the spinal column 
and the pelvis revealed typical dissemination of osteoplastic metastases, 
rectal examination established the existence of a small nodule that was 
undoubtedly carcinomatous. Roentgen therapy addressed to the meta- 
static foci caused gradual disappearance of the excruciating pain to such 
an extent that the patient was able to give up the use of morphine. 
He was still free from pain when examined five years later. 

The method of irradiation is that of Coutard, with prolonged 
sittings and large doses. Usually 5,000 to 7,000 roentgens is given, the 
territory being divided into five fields: two suprapubic (with crossed 
foci) two sacral (with similarly crossed foci) and one perineal. In each 
field 1,000 to 1,300 roentgens is distributed, with 200 roentgens per 
application. Applications are given twice a day if a reaction does not 
occur. A cycle of treatment lasting abov\t two weeks is given, if well 
tolerated; this is repeated every six months or may be repeated in 
three months if indicated. 

Chevassu expressed the opinion that in view of the slow evolution 
of cancer of the prostate gland in many cases it is difficult to assert 
that a service has been rendered to a patient when the treatment has 
done nothing more than permit him to live a few years longer. Lasting 
cures under histologic control are altogether exceptional. 

For a good many years Chevassu has not used the dangerous radical 
operation but has used radium therapy. He has planted needles simul- 
taneously at the back of the prostate gland (after prerectal decollement) 
and at the top by way of the bladder (after a cystostomy had been per- 
formed and the wound left open). By this method he had obtained 
complete clinical obliteration of the cancerous indurations. He has 
never seen, however, a single definite cure. The patient of whose 
condition he was most proud suddenly succumbed to paraplegia, and 
roentgen examination revealed an “ivor}'^ vertebra” that was beyond 
doubt neoplastic. 

As the result of these experiences, at present he either employs no 
surgical treatment or does a prophylactic cystostomy. He admitted 
that the inadequacy of this treatment is lamentable but stated that he 
knows of no better way. He stated his definite opposition to the use of 
partial resections, saying that if the tumor is realty cancer such a pro- 
cedure is likely to act as a whip to speed its progress. He spoke of 
true cancer of the prostate gland and did not discuss prostatic hyper- 
trophy associated with so-called nodules of neoplastic degeneration. 
It is always difficult to affirm that adenomatous zones in a state of pro- 
liferation in prostatic hypertrophy, examined after extirpation, are 

44. Chevassu, M.: Treatment of Cancer of the Prostate, Kong. d. internat. 
Gesellsch. f. Urol. 2:114-120, 1937. 
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really cancer, and statistics on prostatic ’ cancer cannot be based on 
observations of this kind. He expressed agreement with Oreja that 
all men more than 50 years of age should be examined systematically 
by rectum in order to assure early diagnosis. 

For differential diagnosis between chronic prostatitis and cancer, 
retrograde urethroprostatography is today available, for in cases of 
prostatitis it is usual for one or more intraprostatic caverns to appear 
in the picture. Chevassu’s experience with this method of exploration 
has shown him that among old men who have a hard, immovable prostate 
gland, cancer is the more frequent of these two conditions; chronic 
prostatitis, however, is not exceptional. Although this method readily 
permits recognition of chronic prostatitis, the images are so variable for 
cancer that it is often difficult to diagnose the latter with certainty. 
Everything depends on the relation of the cancer to the urethral canal. 
In cases of advanced cancer the urethra presents ulcerous and vegetating 
lesions with irregular outlines that do not resemble those of prostatic 
hypertrophy. In other cases, however, the urethra appears practically 
normal. Chevassu illustrated on the screen a case in which a normal 
urethra was projected on a skeleton of the pelvis, packed with neo- 
plastic nodules caused b}'’ cancer (diagnosis proved at necropsy). He 
concluded that when a hard, nontuberculous prostate gland shows no 
caverns on urethrographic examination, cancer should be considered 
present if the induration does not yield to hot rectal lavages and to 
antisyphilitic treatment. He did not venture to say what form of treat- 
ment under such conditions is the wisest to carry out, even when diag- 
nosed early. 

Retrograde urethroprostatographic study with iodized poppyseed 
oil has never given rise to untoward symptoms in a series of 800 cases 
in which it has been used since 1933. Iodized poppyseed oil should 
never be used in a bleeding urethra, and retrograde urethroprostato- 
graphic examination should always be performed under fluoroscopic 
control. When employed with proper technic it is a remarkable method 
of examination. 

Keyes stated, in a discussion of papers by Hr}Titschak, Nitch and 
Oreja, that the clinical meaning of the term “early” will vary ryith eac i 
generation of urologists. Today one considers as an earh c^cer 
one which has not extended palpably be3'ond the prostate gland. uci 
a cancer may belong to any of three types. 

1. Cancer arising within a hypertrophied portion of the gland, 
such a growth is removed entirely by prostatectomy for a enoma. 
Every^ surgeon knows by experience that sections of an ablatec a enon . 


45. Keyes, E. L., in discussion on Symposium on Treatment Cance 
the Prostate, Kong. d. infernat. Gesellsch. f. Urol. 2;92-94, /• 
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may reveal a small central carcinoma the existence of which had not 
been suspected. One expects that a patient after such ablation will not 
show further evidence of cancer. 

2. Cancer which can be felt b)f rectum as an irregularity on the pos- 
terior surface of the gland. Such an irregularity, however, may he 
suggestive of chronic prostatitis rather than of carcinoma. 

3. Cancer plainly palpable as such by rectal palpation against a sound 
in the urethra. In a large proportion of cases of such involvement 
metastasis has already occurred. 

It will doubtless be necessar}^ in the future to restrict the term 
“early” to the first two classes of cancer : ( 1 ) cancer discovered by the 
pathologist (postprostatectomy), and (2) cancer not to be distinguished 
as cancer by rectal palpation, even if this is made against a sound in 
the urethra. 

Keyes stated that his first implantation of radon was performed in 
May 1931. His third patient, operated on in October 1931, was alive 
and seemingly well at the time of writing, There were no five year 
cures. Of his 14 patients operated on more than three years prior to 
his report, 4 were alive and well, and these 4 were the only ones among 
the 14 whose condition was diagnosed at biopsy while rectal palpation 
still gave a doubtful impression. 

In the last three years, 27 patients with cancer have been operated 
on by various surgeons, with 1 postoperative death. The condition in 
10 cases was diagnosed by aspiration biopsy while still not positively 
diagnosed by rectal palpation. Four of the patients died; 1 had a 
recurrence after twenty-six months; 5 were alive and well fourteen to 
twenty-four months after operation. 

Of the 17 patients operated on in the last three years after the 
prostate gland was definitely cancerous to palpation, 6 were dead, 4 were 
alive but had recurrence (at sixteen, twenty-three, twenty-five and thirty 
months respectively) ; and 4 were alive and well fifteen to twenty- 
four months after operation. 

Prostatitis . — Wesson stated that infection of the prostate gland 
and seminal vesicles should be considered as one disease, because any 
condition involving the one almost invariably involves the other. 

Acute prostatitis is generally caused by urethral instrumentation, b}'^ 
acute nonspecific urethritis or by C 3 'stitis. Chronic prostatitis is as fre- 
quent as chronic tonsillitis. It is a pyogenic infection originating in 
direct extension from the urethra or in invasion through the blood 
stream or the lymphatic vessels. 

46. Wesson, M. B. : Symptoms of Non- Venereal Acute and Chronic Prostatitis, 
J. Urol. 39:135-144 (Feb.) 1938. 



846 


ARCHIVES OF SURGERY 


Symptoms of prostatitis and seminal vesiculitis have been aptly 
described as pus, pain and rheumatism. A patient who has a pain in 
the lower part of the hack or a pain in the groin, extending supra- 
pubically toward the midline, below the umbilicus or down into the 
scrotum, who has a prostate gland and seminal vesicles that are nodular 
and indurated on palpation, whose prostatic secretion contains pus and 
dead spermatozoa and who complains of exacerbation of the pain on 
massage does not have a beginning hernia or “sacroiliac slip." He has 
a prostatic backache. 

Prostatitis usually does not cause sexual disturbances, but it may 
be responsible for every phase of derangement, from mild inaptitude 
to complete impotence. 

Pain may be local or referred. It may be onl)^ a sense of discom- 
fort, an ache, a dull sensation of soreness, a stiffness, a burning sensa- 
tion, a tired feeling or a “bearing down,” or dragging, sensation. Peri- 
neal, testicular and anal pain is present in some degree in practically 
all cases ; usually there is thickening of the vas deferens and infiltration 
of the epididymis. Frequently there is a complaint of fulness, itching 
and burning about the anal orifice. Because of the close relation 
between the seminal vesicles, the ureters and the peritoneum, abdominal 
symptoms are frequent. 

Intestinal obstruction alleged to be secondary to pressure of swollen 
seminal vesicles but probably caused by an adynamic ileus has been 
reported. Pressure on the ureters by the inflamed vas deferens or 
seminal vesicles customarily results in symptoms usually associated with 
the presence of stones and strictures. 

Haven stated that chronic pyogenic prostatitis can be a focus in 
producing ocular inflammations of nonspecific, endogenous origin. A 
focus of infection produces an endogenous lesion of the eye. It may 
be due to the transfer of bacteria or of bacterial toxins. Recent experi- 
mental work indicates the possibility of involvement of an allergic phe- 
nomenon. The tonsils are more frequently foci of infection than are 
the sinuses. . ' 

Nonspecific lesions of the eye respond well to nonspecific shoe " 
therap)’’ by the injection of milk, diphtheria antitoxin or triple t}phoi( 
vaccine. Endogenous ocular inflammation of nonspecific origin maj )e 
aggravated by too vigorous prostatic massage. Increase in ocu ar 
inflammation after prostatic massage is diagnostic, indicating that t ic 

prostate gland is the focus of infection. 

One sterile prostatic smear does not mean that chronic pros a ’ 
infection is not present. Chronic pyogenic prostatitis is oftener o 


47. Haven, W. K.: The Relationship of Lesions of 
Sinuses and the Eye to Chronic Pyogenic Prostatitis, J. Lrol. 39.1-8- 
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hematogenous than of lu'inar}'' origin. Chronic pyogenic prostatitis 
responds more readily to local treatment after all .foci are eliminated, 
including those in the tonsils and sinuses. 

In discussing the causes of chronic prostatic infection, Cumming 
and Chittenden stated that 98 per cent o,f their patients have one or 
more definite foci of infection. 

In general, their treatment is based on cultural and serologic inves- 
tigations and, except in determination of the use of palliative measures, 
the prostate gland is, a secondary consideration. If tonsils or tags left 
after tonsillectomy harbor antigenic organisms, their removal is imper- 
ative, regardless of the age of the patient. The nasal sinuses if infected 
are treated. Devitalized teeth are extracted, and peridental infection 
requires accurate eradication. 

The intestinal tract is often a major focus of infection. 

Cumming and Chittenden concluded that much of the direct treat- 
ment administered to the prostate gland is unsound and unwise. Heat 
applied in any form to the rectum is comforting to the patient but other- 
wise is of questionable A'alue. Routine prostatic massage, irrigations 
and endoscopic apijlications of silver nitrate fall into mucli the same 
category. Intraprostatic injections of mercurochrome, of hypertonic 
saline solution and of whole blood have been unsatisfactory in the 
experience of the authors, and the experimental work of O’Conor and 
Ladd has made them realize more fully the dangers of this method. 

At first there was a tendency to consider the staphylococci as con- 
taminants in the prostatic secretion, but now they have assumed a 
dominant position, and every effort is made to eliminate such organisms. 
If staphylococci are present, the patient is given a course of three to 
six intravenous injections of neoarsphenamine. Recentl)', the authors 
have begun to use anti staphylococcus serum in small doses (1 to 2.5 cc.) 
at intervals of five or six days until a total dose of about 5,000 units 
has been given. If colon bacilli are found in the urinaiy or j^rostatic 
cultures, mandelic acid is administered. If antigenic streptococci (either 
hemolytic or nonhemolytic) are present, the patient is given sulfanil- 
amide. 

Cumming and Chittenden considered five factors as their criteria 
of “cure”; (1) complete relief of symptoms, (2) normal cytologic 
character of the prostatic fluid, (3) sterile cultures and smears of the 
prostalic fluid, (4) satisfactory removal of all infected foci, and (5) 
normal or relatively normal antibody patterns. 

About 75 to 80 per cent of patients may be relieved, at least tem- 
porarily, by some form of treatment, especially b}' rectal heat therapy. 

48. Cumming, R. E., and Chittenden, G. E. : Pyogenic Prostatiti.s : .A Clinical 
Analysis of the Immune Response, J. Urol. 39:118-122 (Feb.) 1938. 
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In the 1 emainder, symptoms may persist despite every therapeutic 
measure. In the author’s series the patients have been relieved of 
symptoms in 90 to 95 per cent of cases. 

Reversion to a cytologically normal and culturally sterile prostatic 
fluid is often difficult to obtain and is usually impossible without com- 
plete and satisfactory removal of the toxic foci. 

Prostatic Injection . — Lovelace and Emmett reported their experi- 
ence with the injection of sylnasol into the left lateral lobe of the 
prostate gland in 8 dogs. Sodium psylliate (sylnasol) is a solution fre- 
quently employed for treatment of inguinal hernia by injection. In 
each case, approximately 6 cc. of the solution was injected into the 
left lobe of the prostate gland and divided among three sites of injec- 
tion. Injection was not made into the right lobe ; this served as a control. 
Two dogs were examined eight hours after the injection, and the 
remainder were examined at periods varying from two to twelve montiis 
after the injection. Evidence of urinary obstruction was not found, 
and symptoms did not occur. The prostate glands removed eight hours 
after the injection revealed definite small areas of necrosis where the 
sodium psylliate was injected. In each of the remaining prostate glands 
removed there was striking reduction in the size of the lobe into which 
the solution had been injected. In each instance the left lobe was 
approximately one-half to one-third the size of the right lobe. Evi- 
dence of loss of tissue was not found, and the reduction in size seemed 
to be associated with an increase in the connective tissue stroma. 

Changes After Operation . — Zide examined microscopically the 

tissue removed in 85 cases of benign prostatic hypertrophy in which 
two or more transurethral or suprapubic operations had been performed 
at the Mayo Clinic at intervals of three months or more. This study 
was undertaken for the purpose of determining whether operations on 
the prostate gland have any histologic effect on the portion of the gland 
that remains. In 11 of the 85 cases the initial operation had been 
suprapubic prostatectomy, and in the remaining 74 cases transurethral 
resection had been performed. The shortest interval between the first 
and second operation was three months, and the longest, sixteen years. 
Practically all of the transurethral resections were performed with the 
Braasch-Bumpus instrument. The tissue obtained was studied rom 
the point of view of infection, malignanc}'^ and changes in characte 
and amount of parenchyma, smooth muscle and fibrous stroma. 

49. Lovelace, W. R., and Emmett, J. L.: Intraprostatic Injection J 

Solutions: An Experimental Study, Proc. Staff Meet., A ajo i • 

(March 30) 1938. . 

50. Zide, H. A. : Changes in Prostatic Tissue After Operation, 
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Zide arrived at the following conclusions: 1. Evidence of a carci- 
nomatous tendency in the remaining prostatic tissue after transurethral 
resection greater than that following suprapubic enucleation is not 
apparent. In none of his series of cases were signs of malignant change 
found. 2. The incidence of prostatitis occurring after transurethral 
resection is not high. 3. In the majority of cases the prostatic tissue 
removed because of recurrent obstruction resembled closely that 
obtained at the primary operation, regardless of whether suprapubic 
enucleation or transurethral resection had been performed. 

BLADDER 

Tmiior . — Cabot and Pace discussed the treatment of patients with 
extensive cancer of high malignancy in the bladder and patients with 
large malignant lesions of low grade for which transurethral treatment 
is inadequate. They emphasized the importance of accurate pre- 
operative data as the most valuable aid in determination of the exact 
type of operative treatment best suited to each patient. Because of the 
wide variety of surgical procedures that may be carried out, it is impor- 
tant to determine as accurately as possible what procedure is indicated. 
This is often difficult, because preoperative data are not always entirely 
accurate. Estimation of the size and position of the tumor depends 
on the experience of the cystoscopist to a large extent, and it is always 
difficult to determine cystoscopically the extent of involvement of the 
deeper layers of the bladder and the ureters. Likewise, it is difficult 
to determine preoperatively whether or not the lesion has extended 
through the wall of the bladder and has involved the adjacent structures. 
There are three main preoperative diagnostic measures which should be 
utilized in every case, namely: (1) cystoscopic examination, (2) cysto- 
graphic examination and (3) intravenous urographic examination. 

Cabot and Pace based their observations on 46 cases in which supra- 
pubic operation for vesical neoplasm had recently been performed at 
the Mayo Clinic. Cystoscopic examination is of importance in deter- 
mination of the presence of the tumor and also (by removal of appro- 
priate specimens) of the type, grade, position and extent of the lesion. 
It is particularly useful in determination of the situation of the mass 
in relation to the ureters and to the vesical neck. Diagnosis from 
cystoscopic biopsy is not invariable' accurate ; however, with rare excep- 
tions, the grade and type of lesion as determined by biopsy are observed 
in subsequent pathologic examinations to be remarkably accurate. In 
the group of 46 cases reviewed, opinions formed at the time of c^'sto- 

51. Cabot, H., and Pace, J. M. : Methods of Selecting the Proper Operative 
Treatment for Cancer of the Bladder, Tr. Am. A. Genito-Urin. Surgeons 30: 
235-248, 1937. 
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scopic study were almost precisely correct in 26 , more or less incorrect 
in 19 and vague in 1, when judged by the findings at suprapubic explo- 
ration. 


The cystogram is most helpful in estimation of the extent of vesical 
involvement as shown by filling defects. In a certain number' of cases 
a cystogram is suggestive of considerably more extensive involvement 
than would be noted from cystoscopic examination. Again, it may be 
helpful in the presence of a massive, pedunculated tumor of low grade, 
when an accurate cystoscopic estimate cannot be made of actual involve- 
ment of the vesical wall. Unfortunately, examination of the cystogram 
does not indicate in which cases the lesion has extended into the peri- 
vesical tissues and in which it is still confined to the vesical wall. 

An intravenous urogram is of most A'alue in demonstrating the 
presence or absence of obstruction to one or both ureters and the 
resultant effects of such obstruction on renal function. Obstruction of 
the ureters cannot be accurately determined in every case by cystoscopic 
examination, and an intravenous urogi'am is of inestimable value for 
this purpose. The use of intravenous urographic study also eliminates 
the necessity of catheterizing the ureters, which is not always possible 
or desirable. 

Summarizing their opinions, Cabot and Pace concluded that cysto- 
scopic study with the obtaining of appropriate material for pathologic 
study and the taking of an intravenous urogram are essentia] diagnostic 
measures in cases of vesical neoplasm. The retrograde cystogram is 
given second place in diagnosis, although its use is generally desirable. 
A classification of treatment follows. 


r. Suprapubic treatment. Transvesical electrocoagulation is best 
suited to a bush)'-, papillomatous tumor of low grade, classified according 
to Broders’ method as of grade 1 but often regarded as benign. It may 
also be applicable to a small sessile tumor classified as of grade 1 oi 2, 
in which case it should generally be combined with implantation of 
radon. 

Electrocoagulation is a purely palliative method of treatment or 
inoperable tumor and is used to control hemorrhage. The use of this 
method has been fairly widespread in the past. The authors expressec 
doubt as to whether it will remain a recognized treatment. 

2. Implantation of radon. This measure, with or without prelimi- 
nary or postoperative irradiation, has a definite place in the treatment 
of vesical tumor, but it is difficult to select cases in which its use is 
suitable. It is suitable for application to a tumor of high grade. 
imoortant to determine whether the tumor to be treated with imp an a 
tion of radon encroaches on the ureter, because such treatment s iou c 
rarely, if ever, be applied if the ureter is grossly obstructed or if an 

extensive lesion exists. 
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3. Excision or segmental resection. “Excision” means removal of 
a circumscribed portion of the vesical wall. “Segmental resection” is 
defined as removal of a larger or smaller segment of the vesical wall, 
a suprapubic opening being used and resection being extended down- 
ward and laterally as far as necessary. Excision gives good results 
in cases in which there is little or no involvement of the deeper layers 
of the vesical wall and in which the lesion is relatively small. Segmental 
resection gives the best results in the treatment of a tumor of the 
vesical dome or of the lateral vesical wall. 

4. Transplantation of the ureters to the bowel or to the skin. This 
type of operation is done either as a procedure preliminary to total 
cystectomy or as a palliative measure in cases of obstruction of both 
ureters. In the latter instance it may be followed by irradiation. Cabot 
and Pace concluded that ureteroenterostom)' should be confined to cases 
in which gross abnormality of the ureters does not exist. Total cys- 
tectomy should be done in two stages, the ureters being transplanted to 
the intestine at the initial operation and the bladder being removed at 
the second. Cutaneous ureterostomy is largely reserved for patients 
with dilated ureters. The authors concluded that this operation has a 
wider scope of usefulness than has been realized in the United States. 
The records of 9 illustrative cases of vesical neoplasm were abstracted 
by the authors. 

Randall and Uhle stated that the treatment of vesical carcinoma 
should be selective. Transvesical diathermy is of value in treatment of 
a lesion involving only the basal regions of the bladder or a lesion not 
amenable to vesical resection or to transurethral management. 

The safety of transvesical diathermy is shown by an operative mor- 
tality rate of 9.8 per cent. 

The three most important complications of the use of diathermy 
are : ( 1 ) establishment of a fistulous communication between the bladder 
and the rectum or vagina, (2) acute pyelonephritis, and (3) chronic 
pyelonephritis. A fistula can be prevented by curbing the overzealous 
application of current of high frequencj". There was only 1 fistula 
(vesicovaginal) in Randall and Uhle’s series. The incidence of acute 
pyelonephritis can be reduced by introduction of a ureteral catheter for 
drainage at the conclusion of the operation if diathermy has been applied 
directly over the ureteral orifice or in close pro.ximity to it. Stenosis 
of the ureteral orifice, secondary to healing and fibrosis, is a later mani- 
festation of the effects produced by surgical diatherm3^ Renal mor- 
bidity (chronic pyelonephritis) can be lessened b\" periodic ureteral 
dilation during the patient’s convalescence. 

52. Randall, .A... and Uhle. C. .A. W. : Transvesical Diathermy in the Treatment 
of Carcinoma of the Bladder, Surg.. Gjmec. &: Obst. 66:927-932 (May) 193S. 
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Diathermy produces aseptic necrosis. If infection supervenes, the 
progression of pathologic events may range from the simple to the ful- 
minating type, with pelvic cellulitis, pelvic phlebitis and death. 

Cicatricial reaction following diathermy does not produce great vesi- 
cal deformity. In spite of extensive diathermy, scarring is often mini- 
mal, and in 47 per cent of cases vesical comfort can be acquired. 

There was a general mortality rate of 56.8 per cent. Death was 
ascribed to recurrence of the growth, with secondary renal infection 
and uremia. No evidence of recurrence, irrespective of the length of 
follow-up, was found in 35.3 per cent of cases. ' Recurrent growths 
developed in 43.1 per cent. 

Routine cystoscopic study after operation is of great importance 
in detection of early or late recurrence. In 1 instance a papillary recur- 
rence was found seventy-four months after the original operation. 
Cystoscopic fulguration is sufficient to effect control. 

The importance of an efficient follow-up service cannot be over- 
emphasized. Ten patients (19.6 per cent) were followed for forty 
to eighty-six months. Four had recurrences, and 6 w'ere free of recur- 
rence. 

Randall and Uhle have been unable to substantiate the figures of 
Counseller and Braasch (88 per cent of patients living more than five 
years), but they felt that the results of diathermy in the treatment of 
carcinoma of the bladder are significant and should foster a wider 
clinical interest in this method of treatment. 


Exstrophy . — Gaudin and Cabot reported the case of a boy aged 1 
month who had a small pedunculated tumor covered with mucosa. The 
tumor was situated in the midline, just above the symphysis pubis. It 
was spherical, red and glistening and was surrounded by skin which 
showed some evidence of irritation. There was no obvious drainage 
from the mass, which was soft and seemed slightly movable on. the 
subjacent abdominal wall. The child urinated normally. Except for 
the tumor, no congenital abnormality was noted. The growth was 
removed by simple excision. There was no evidence of continuation 
of the mass into the interior, and it extended downward only to t e 
subcutaneous tissue. The postoperative course was uneventful. Micro^ 
scopic examination of the tissue removed showed it to be a portion o 
the bladder. Gaudin and Cabot discussed the embryologic 
ations that enter into partial exstroph)'^ of the bladder. They cone u 
that the difference between the anatomic conditions in the case 
and total extraversion of the bladder, with epispadias, is a matter 
of degree of abnormality. 


53. Gaudin, H. J.. and Cabot, H.: Partial E.xstrophy of 
logic Considerations; Report of a Case, Proc. Staff ileet., i a>o 
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Cystitis Emphysematosa . — Wells reported the results of 1,800 
necropsies. He observed 7 typical cases of cystitis emphysematosa. He 
stated that he has no evidence that either glycosuria or vesical trauma 
is an essential factor in the production of this condition, although one 
or the other factor is present in many cases. In 5 of the 7 cases reported 
the patients were males. Wells’ observations indicated that postmortem 
formation of gas is probably not responsible for this condition but gave 
110 ' suggestion as to when or how it is usually produced. If cystitis 
emph)'sematosa is really much more frequent now than formerly, it 
may be owing to the greater frequency of vesical trauma from cystos- 
copy and catheterization or from the greater frequency of glycosuria 
in terminal states from therapeutic, injections of dextrose. It probably 
has no important influence on the course of the patient’s condition. 

Decompression . — The idea that sudden emptying of the chronically 
distended bladder is dangerous is firmly established in the literature. 
Creevy stated that the theories explaining such a danger fail to with- 
stand critical analysis because at necropsy, in the absence of residual 
urine, lesions ascribable to sudden empyting of the chronically distended 
bladder cannot be distinguished from those due to infection. Eighty 
per cent of patients who die after catheterization succumb to pyeloT 
nephritis, either acute or chronic; 20 per cent succumb to infections 
outside the urinary tract. Sudden death after catheterization may be 
due to coincidental coronary thrombosis or to pulmonary embolism. 
The phenomena usually ascribed to sudden emptying of the bladder 
can be produced by pyelonephritis. Gradual decompression of the dis- 
tended bladder did not reduce the mortality in a series of 120 cases as 
compared with that in a similar series in which sudden emptying was 
practiced. Gradual decompression should be abandoned. Its abandon- 
ment has not produced any untoward reactions in Creevy’s experience. 

Incontinence . — Meschede recommended two operative procedures 
for the cure of traumatic incontinence in women ; both gave him satis- 
factor}^ results. For elderly women he used an operation involving 
interposition of the uterus ; for younger women or hysterectomized 
women he used a plastic procedure with both bulbocavernous muscles 
and strips of fascia from the pyramidalis muscle. In this procedure 
muscles and fascia form a tight ring around the urethra. Meschede 
has been satisfied with his results to such an extent that he now uses 
these two methods in all cases. • 

54. Wells, H. G. : Report of Seven Cases of Cystitis Emphysematosa, J. Urol. 
39:391-397 (April) 1938. 

55. Creevy, C. D. : Is Sudden Emptying of the Chronical!}’ Distended Bladder 
Dangerous? J. Urol. 39:403-409 (April) 1938. 

56. Meschede, H.: Zur Behebung der traumatischen Inkontinenz der Frauen. 
Ztschr. f. urol. Chir. u. Gyniik. 44:22-25 (March 3) 1938. 
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Presacral Neurectomy. —PtSirl and Strauss” stated that presacral 
neuiectomy may establish voluntary micturition in cases of neurogenic 
vesical dysfunction with retention, in which there are weakness of the 
detrusor muscle and spasticity of the internal sphincter. However, the 
detrusor muscle may remain hypotonic, and the bladder may not empty 
completely. 

Presacral neurectomy increases the expulsive force of the detrusor 
muscle and relaxes a spastic internal sphincter. This effect may be 
temporary. 

Bilateral sacral ganglionectomy is advisable in addition to presacral 
neurectomy in the treatment of painful vesical conditions or when pro- 
longed vasodilatation is desired in cases of severe, intractable cystitis. 
Undesirable effects have not been noted following presacral neurectomy 
and sacral ganglionectom3^ At present, operations on the sympathetic 
nerves supplying the bladder should be considered experimental. 


TESTICLE 


Tumor . — Hinman and Powell,*’® in discussing the management of 
tumor of the testicle, pointed out that examination of the scrotal mass 
suspected of being a tumor should be carried out with a minimum of 
handling and squeezing. The test for gonadotropic substance aids 
materially in diagnosis. A negative result from the test, howe\'er, does 
not exclude the possibility that the tumor is malignant, because in about 
20 per cent of the authors’ cases urinary excretion of the gonadotropic 
substance did not occur. The danger of squeezing cells of a malignant 
tumor into the lymphatics is far greater at the time of examination tlian 
at orchidectomy when the operation is properly carried out through a 
high inguinal incision. The cord may be clamped and divided, all the lym- 
phatic and vascular channels leading from the neoplasm being severed, 
before the neoplasm is handled. When the mass is removed, it should 
be examined for gonadotropic substance; information gained fiom such 
an examination, together with that from histologic examination an 
the previous urinary gonadotropic titer, makes it possible to classif} t le 
neoplasm, determine the prognosis and outline the extent of further 
treatment. It is also of aid in deciding whether such treatment is to )C 

surgical, roentgenologic or both. . 

Hinman and Powell classified a group of neoplasms of the testic e 
from a glandular-histologic point of- view into certain main tjpes. 
embr}^onal mixed cell tumor (teratoma), embrjmnal carcinoma (uni 


57. Pearl, F. L., and Strauss, B.: Presacral Neurectomy and Sacral Ganglion 
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cellular) and the rare, nonembryonal and miscellaneous tumors. In an 
analysis of 58 cases in which tests for gonadotropic principle were 
made, there were 14 cases of embryonal teratoma. Only 1 patient 
lived five 3 'ears. The response to irradiation in these cases was fair, 
but the prognosis as determined from the result obtained was extremely 
poor. There were 33 cases of embrj'^onal carcinoma. In 7 of these 
the growths were regarded as primitive tumors causing high urinary 
gonadotropic excretion. In this group the response to irradiation was 
good, but only 2 patients lived two years after irradiation. The remain- 
ing embryonal carcinomas (histologically “seminomas”) were regarded 
as examples of differentiated embryonal carcinoma and caused excretion 
of small amounts of gonadotropic substance. In this group of 26 cases 
the response to irradiation was good, and 22 of the patients were alive 
and apparently well at the time of the report, three to four years after 
irradiation. The prognosis in this group is regarded as good. There 
were 3 cases of benign adult teratoma. There were S cases 
of the same histologic description as the differentiated type of 
carcinoma, but in these there was no urinary gonadotropic excretion, 
and when the tumors were extracted it was shown that they were entirely 
void of the gonadotropic principle. These were considered as non- 
embryonal or adult tumors and were classified as “adult seminoma.” 
There were 8 such tumors ; only 1 patient was dead at the end of three 
years. 

Two cases of tumor associated with unusually high urinary gonado- 
tropic titer were reported. In both cases the gonadotropic titer of the 
urine reached 1,000,000 units per liter. The tumor in each case was 
regarded as primitive embryonal teratoma (chorioepithelioma). In both 
cases heavily filtered irradiation at 850 kilovolts was given. The patients 
lived about one year after the apparent onset of the disease. 

Ferguson disagreed with Hinman and Powell on the point of 
oi'chidectomy before irradiation. He conceded that the scientific infor- 
mation to be obtained by microscopic examination of the unaltered 
tumor and by assay of fresh tissue for gonadotropic substance is an 
advantage. However, this advantage carries little weight when it is 
seen that the clinical results obtained at the end of five years are better 
when irradiation precedes orchidectomy. In a review of the Memorial 
Hospital series of 292 teratomas of the testis, eircountered between 1917 
and 1929, it was found that of 14 patients who had primary operable 
tumors and were treated bj' irradiation before orchidectomy, 11 (78.5 
per cent) were alive and without evidence of disease at the end of five 
years, whereas of 28 patients who had primarj' operable tumors and 

59. Ferguson, R. S., in discussion on papers by Kreutzmann and GDlIoft, 
Hinman and Powell and Fetter, J. A. M. A. 110:196-197 (Jan. 15) 1938, 
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on whom orchidectomy was performed before irradiation was given, 
only 12 (42.8 per cent) were alive and well without evidence of disease 
at the end of five years. 

Ferguson admitted that with immediate irradiation after orclii- 
dectomy there may not be any difference in the results at the end of five 
years as compared with the results of irradiation before orchidectomy, 
but he stated that at present he feels that the advantage lies with pre- 
operative irradiation. 

EPIDIDYMIS 

Tumor . — Lazarus ““ stated that primary malignant tumor of the 
epididymis is rare, there being but 40 cases on record. Although such 
tumors have been classified under a variety of names, it seems that the 
majority of them, if subjected to an extremely critical analysis, would 
fall in the group of malignant teratoma in which one type of cell pre- 
dominates to the exclusion of all other teratomatous elements. Sum- 
marizing the cases according to the authors’ designations of the tumors, 
one finds 20 carcinomas and 17 sarcomas. Seventy-eight per cent of 
patients who stated the duration of their illness had had symptoms for 
longer than a month before they sought medical aid. Although 16 
patients in this series did not mention pain, 75 per cent of the remaining 
patients had a definite history of pain either preceding or accompanying 
swelling in the testis. Only 15 of the 40 patients gave information con- 
cerning trauma, and 10 of these 15 patients stated that trauma had 
definitely antedated the appearance of the tumor. 

Simple orchidectomy appears to have been the procedure of choice 
in the vast majority of collected cases. Lately, irradiation has been 
advocated as a valuable adjuvant to surgical management. 

Regarding results, the survey lacked information concerning this 
feature in 10 cases. In the remaining 30 cases, 40 per cent of the 
patients were reported dead within two years of operation, and 2/ per 
cent died within the first year. 


INFECTIONS OF THE VAS DEFERENS 


Kreutzmann stated that viable organisms may be present in the 
vas deferens without causing symptoms or producing gross changes. 
Epidid3fmitis following ligation of the vas deferens is due to lighting 
up of a previous vasal infection and not to infection of the lympiatic 
Aressels or the blood stream. Vasitis and epididymitis occur only in t le 
presence of infected urine. Under certain conditions, reflux of urine 
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may occur into the vas deferens as it does into the ureter. When the 
urine is infected, instrumentation doubles the probability of epididy- 
mitis. Chronic prostatitis alone will not cause vasitis or epididymitis. 

EPISPADIAS 

Cabot emphasized the fact that the number of 'different operations 
suggested for the correction of epispadias and hypospadias attests 
the lack of complete success with any one procedure. He described 
the technic for correction of epispadias either associated or unasso- 
ciated with exstrophy. Correction of this abnormality has been difficult 
because of the partially separated corpora cavernosa. This condition 
often involves considerable tension when the urethra is formed from 
lateral flaps taken from the sides of the corpora, and failure may result. 

Cabot discussed the disadvantages of certain procedures for correc- 
tion of epispadias and then described a technic with his own modifica- 
tion. The urethra is constructed from the mucous membrane covering 
the dorsal surface of the penis. In order to provide a covering of skin 
for this newly formed canal, two transverse incisions are made in the 
scrotum, one at the penoscrotal juncture and one farther posteriorly. A 
tunnel of scrotal skin is thereby created, and the penis is inserted beneath 
it so that the flap of scrotal skin lies over the dorsal surface of the 
penis, where the new urethra has been formed. The penis should be 
left in this position for at least two or three weeks, at the end of which 
time the scrotal flap may be divided and the wound united in the midline 
of the scrotum by suture. Cabot’s article is well illustrated by draw- 
ings. 

SPERMATOCELE 

Huggins and Noonan®* stated that spermatocele arises as a result 
of partial obstruction of the sperm-conducting system and that vasotomy 
does not cause increase of its size. Spermatocele alwa)'s contains 
spermatozoa and does not appear before puberty. The membrane is 
impermeable to phosphate in the direction from the plasma to the cyst 
and is permeable with difficulty in the opposite direction. 

In the authors’ cases, spermatocele always disappeared after appli- 
cation of roentgen therap)’, without a significant decrease in the size of 
the testis and without loss of sexual potenc}' or libido. With the doses 
used, 4 patients had spermatocele sixty days after treatment, and a 
second course of treatment was given, but this always was sufficient to 

62. Cabot, H. : Treatment of Epispadias in the ^^ale, Proc. Staff ^feet., 
ifayo Clin. 12:793-795 (Dec. 15) 1937. 
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make the lesion recede permanently. Because sterilization occurs, 
roentgen therapy is advised only in case sterility is not undesirable, 
as when the patient is old. 


UROGENITAL INFECTIONS 


Anaerobic infection complicating surgical procedures on the urinary 
tract is infrequent. Yet the development of this type of infection is 
of such serious moment as to warrant emphasis of the importance of 
its early recognition and treatment. Mencher and Leiter«^ gave 
abstracts of 14 cases of postoperative anaerobic infection of the urinary 
tract, observed at the Mount Sinai Hospital, New York, during the 
past eleven years. Infection in 11 cases was due to Bacillus welchii, 
and in 3 cases typical symptoms of tetanus occurred. 

The occurrence of postoperative anaerobic infection has always given 
rise to theoretic discussions as to the portals of entry. The following 
sources of contamination are to be considered: (1) the skin, (2) the 
rectum, (3) operative materials, and (4) urine, pus and urinary calculi. 

The prognosis in cases of infection by B. welchii is directly 
dependent on early recognition and adequate treatment. If there is 
an inordinate rise in temperature, with or without symptoms of toxemia, 
careful inspection of the wound in addition to a general physical exami- 
nation should be done. Discoloration, edema or crepitation in the 
region of the wound calls for further investigation of its depths. 
Crackling may be heard if firm pressure with the stethoscope is applied 
against the involved region in which gas is present. 

Mencher and Leiter stated that under these circumstances they 
remove superficial and deep sutures, watching for serum, pus and an 
bubbles. Smears and cultures are immediately made, and if these yield 
bacteria, active therapy to combat the infection is instituted. Tlie 
wound is split wide open, tubes and catheters are placed in the depths 
for continuous irrigation with hydrogen peroxide and oxygen, and large 
quantities of polyvalent Bacillus perfringens serum are administered 
intramuscularly, locally and even intravenously'. 

When the infection subsides, the use of diluted solution of sodium 
hypochlorite U.S.P. may be alternated with that of irriptions with 
hydrogen peroxide to hasten the separation of necrotic tissue anc to 
stimulate the process of granulation. 

Early recognition of tetanus is more difficult. General sympton 
signify' late manifestations of the disease. The appearance of the 
is not of aid in making the diagnosis. The mortality in cases o tetami 


64. Mencher, W. H., and Leiter, H. E.; Anaerobic 
Operations on the Urinarj- Tract, Surg., Gynec. & Obst. 66.6//-68 

1938. 


SCHOLL ET AL.— REVIEW OF UROLOGIC SURGERY 859 


is appalling. Any hope of combating the complication depends on early 
diagnosis and administration of large doses of tetanus antitoxin by all 
routes. 

Helmholz stated that coccic infection occurs with equal frequency 
in the male and in the female. Bacillary infection of the female occurs 
three to four times as frequently as bacillary infection of the male. 
Coccal infection occurs by way of the blood stream, whereas bacillary 
infection occurs by other routes. The impossibility of infecting the 
normal bladder of man by introduction of bacteria through the urethra 
has its counterpart in inability to produce experimental infection of the 
bladder of the rabbit by injection of massive doses of bacteria. The 
greater frequency of bacillary infection in the female would lead to 
the belief that the infection occurs by way of the urethra, and although 
lymphogenous infection must be considered a possibility, there is no 
definite proof of its occurrence. At present it is impossible from study 
of material relevant to human beings to give any definite answer to the 
question. However, it is evident that two factors are necessaiy to cause 
infection of the bladder, namely, lowered resistance of the mucosa and 
bacterial invasion. 

Experimental production of infection of the renal pelvis from the 
bladder has been accomplished by intracystic injection of bacteria into 
the bladder. The histologic picture of pelvic inflammation differs from 
that seen when the pelvis is infected by way of the blood stream. 
Histologic studies of the ureter have shown that in only 3 of 13 cases 
was there any evidence of periureteral inflammation. Therefore, unless 
it is assumed that infection can be spread b}'^ way of the periureteral 
lymphatic structures without leaving a trace behind, it must be assumed 
that in the other 10 cases the infection was spread b}'^ way of the lumen 
of the ureter. The same conclusion must be drawn concerning spon- 
taneous pyelitis in rabbits, in which evidence of periureteral infiltration 
was found in only 6 of 16 cases. Taking this in conjunction with the 
work of David, which showed that periureteral inflammation does not 
necessarily mean that infection of the renal pelvis is present, Helmholz 
has assumed until more definite information is available that tlie usual 
spread of infection from the bladder to the pelvis is Iw way of the lumen 
of the ureter. 

With stasis, the parenchyma of the kidney rapidly becomes infected 
from the pelvis by way of the perivascular lymphatic structures and by 
direct passage of the organisms through the pelvic lining over the 
parenclyma. Thrombosis forms an important feature of the renal 

65. Helmholz, H. F. : Ascending Infection of the Urinarj- Passages, Am. 
.1. Surg. 38:18-28 (Oct.) 1937. 
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changes. Without stasis, infection of the pelvis tends to remain local, 
and only exceptionally does infection spread to the parenchyma by the 
same channels. 

The striking difference between the two series of experiments would 
indicate that stasis is the all-important factor in producing ascent of 
infection from the renal pelvis to the renal parenchyma. 

Nelson stated that experimental and clinical findings justify the 
conclusion that cervical infection can and often does extend to the 
urinary tract. When. the trisymptom complex to which reference has 
been made is present, the clinician should suspect cervicitis to be the 
primary cause of such symptoms. Infection in the deep portion of the 
cervix is sometimes not discernible to inspection or palpation. Cauter- 
ization usually fails to arrest extension of the infection from the cervix 
to the urinary tract. When properly performed for cervicitis that is 
causing urinar)^ symptoms, the Sturmdorf type of operation usually 
brings about permanent relief. 

Vest, Harrill and Colston ®" stated that administration of sulfanil- 
amide is the most important forward step yet taken by scientific 
medicine in the treatment of gonorrhea and other urinary infections. 

Sulfanilamide itself may be only the first of many efficacious and 
satisfactory new compounds, but with the vast problems yet to be elu- 
cidated concerning this drug, years will undoubtedly be required to 
produce results such as Ehrlich predicted. From research in all fields, 
chemical, biologic and clinical, there will undoubtedly evolve the ideal 
remedy as postulated by Ehrlich in 1913 : “A remedy entirely innocuous 
in itself, which is not fixed by the organs of the body but which would, 
however, strike the parasites with full intensity.” 

Schulte reviewed the literature on the development of sulfanil- 
amide, which, he stated, is the product of numerous investigations 
extending over a period of thirty years. Domagk is given credit for 
the discovery of “prontosil,” and Gelmo was the first to mention the 
drug now called sulfanilamide. Many other physicians contributed 
largely to the chemical developments which permitted the synthesis o 
these drugs. At present, a number of investigators are engaged in tlie 
further study of various compounds that might be used for chemo 
therapy. 

66. Nelson, O. A.: Urinary Tract Disturbances Referable to Cervicitis, J- 
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Helmholz stated that mandelic add and sulfanilamide are two 
valuable drugs which have been made available during the past few 
years for the treatment of urinary infections. Mandelic acid is 
dependent for its action on a concentration in the urine greater than 
0.5 per cent and a pn of the urine less than 5.5, so that it is not likely 
to be successful unless the function of the kidney is normal or nearly 
so. If the urine does not reach the necessary pj^ of 5.5, ammonium 
nitrate may be given in addition. The usual adult dose of ammonium 
mandelate is 12 Gm. daily. The output of urine in twenty-four hours 
should be kept at approximately 1,000 cc. Acidification of urine can 
be tested by tbe patient with the use of chlorphenol red. Proper acidity 
is indicated by yellow and insufficient acidity by red. It may also be 
tested by nitrazine paper, and the proper acidity is indicated by yellow. 
Insufficient acidity is indicated by green. 

Mandelic acid is effective against all the common gram-negative 
bacilli, against Staphylococcus aureus and against Streptococcus faecalis. 
It is less useful in the treatment of infections caused by urea-splitting 
organisms, such as those of the Proteus group. 

Helmholz has demonstrated that with sulfanilamide in concentra- 
tions easily obtainable by oral administration of the drug the urine is 
bactericidal for Staph, aureus, Escherichia coli, Aerobacter aerogenes 
and organisms of the Proteus and Pseudomonas groups. It does not, 
however, destroy Str. faecalis. Sulfanilamide is more effective in alka- 
line than in acid urine. This is of definite significance in the treat- 
ment of infections with Proteus. 

Helmholz reported 2 cases of infection caused by Esch. coli and A. 
aerogenes respectively in which the infection yielded rapidly to adminis- 
tration of sulfanilamide after long and unsuccessful treatment with 
mandelic acid. The author concluded that sulfanilamide is the remedy 
of choice in the average case because of its ease of administration, its 
tolerance by the stomach and the fact that it can be used during the 
acute stage of the disease. It should not be used in the treatment of 
infections caused by Str. faecalis. Mandelic acid and sulfanilamide 
are used satisfactorily to supplement each other. The dose of sulfanil- 
amide is 5 to 10 grains (0.32 to 0.65 Gm.) a day for infants and 20 to 30 
grains (1.29 to 1.94 Gm.) a day for children 8 to 12 years of age. 

ROENTGENOLOGY IN UROLOGY 

Junker'® described the results of his new method of roentgenologic 
diagnosis for surgical diseases of the kidney. He adapted to urologic 

69. Helmholz, H. F. : A Comparison of Mandelic Acid and Sulfanilamide as 
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practice Berg s method of roentgenologic diagnosis of gastric lesions. 
After intravenous injection of skiodan a preliminary roentgenogram is 
made, and subsequently a series of roentgenograms of interesting 
details. This method offers striking advantages over ordinary pyelo- 
graphic or pyeloscopic examination in detection of small but important 
changes. Anatomic changes of the calices, dysfunction of peristalsis 
in the calices and ureters, early changes in cases of tuberculosis and 
ascending pyelitis and the anatomic substratum of “essential” hematuria 
can be demonstrated clearly. 

Excretory urograms of 27 normal pregnant women throughout the 
succeeding months of gestation and the puerperium showed varying 
degrees of dilatation of one or both ureters and renal pelves in every 
patient. The right kidney was more affected than the left, dilation of 
the ureter always began at the pelvic brim, and the pelvic portion was 
never significantly involved. The dilatation was progressive, reached 
its maximum several weeks ante partum and had disappeared by about 
the twenty-eighth day post partum. It occurred later (but was more 
severe) in primiparas than in multiparas. These findings were con- 
firmed by anatomic and histologic studies of 13 parturient women, all 
but 2 of whom died at term. 

In addition to dilatation of the ureters, great hypertrophy of the 
sheaths of Waldeyer at their lower ends was noted. There was a 
softening process in the wall of the abdominal portion of the ureter, 
the structure becoming flaccid and easily compressible. The growing 
uterus impinges on the ureter at the pelvic brim, especially the right, 
because its course over the iliac vessels differs from that on the left 
and makes it more susceptible to pressure. The dilatation which results 
can be diminished by the use of indwelling ureteral catheters if they 
are left in place longer than twenty-four hours. With the advance 
of pregnancy the excretion time of the kidney was greatly delayed, and 
lack of tone and decrease in rhythmic expulsive force of the dilated 
ureter were observed. 

Hormonal activity contributes to the process of softening and atonj 
of the ureter, which makes it susceptible to dilation from slight pressure. 

A careful bacteriologic study of the urinary tracts of pregnant 
women as compared with those of nonpregnant women shoved on) 
slight increase in the incidence of bacteria in the urine in the 

Among 50 normal pregnant women, cultures of the urine from 
bladder on brain broth mediums yielded bacteria in 64 per cent o^ 
cases, and cultures on blood agar mediums, in 36 per cent. / 
normal nonpregnant women, cultures yielded bacteria on ^ 

mediums in 44 per cent and on blood agar mediums in 18 per c 
cases. Only 4 cultures yielding bacteria were obtained from 
taken from the kidney among the 50 normal pregnant women. 
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Hundley’s analysis of 236 patients with inflammatory disease of 
the urinary tract admitted to the obstetric wards of the Maryland Uni- 
versity Hospital showed that 136 were primiparas and 100 multiparas. 
The symptoms were more severe among the primiparas. The incidence 
of p3'elitis of pregnancy was 3.1 per cent. Confirming the observation 
that pressure changes in the urinary tract are not observed until after 
the sixteenth week, only 11 patients had pyelitis during the first four 
months of pregnancy. The frequency increases as pregnancy advances. 
In the middle trimester there were 32 cases ; in the last period, 97 ; 
and post partum, 96. Twenty patients were delivered spontaneously, 
whereas in 11 cases pregnancy was interrupted artificially. 

Treatment consists of medicinal, or palliative, measures and opera- 
tive, or radical measures. Of Hundley’s 236 patients, all but 25 
responded to palliative measures, such as increased intake of fluid, 
postural treatment, administration of urinary antiseptics, such as man- 
delic acid and sulfanilamide, and the ketogenic diet. The last-mentioned 
drug has been abandoned because it produces a great decrease in the 
carbon dioxide-combining power of the blood and involves a restriction 
of fluids. 

Hundley’s experience with mandelic acid has been disappointing, 
and he has been conservative in the use of sulfanilamide until more 
definite proof is available as to its harmlessness in pregnancy. 

If after six or seven days of medicinal treatment the symptoms are 
not alleviated, cystoscopic and ureteral catheterization are performed and 
are repeated as often as necessary. If the response to simple catheter- 
ization is not satisfactory, the ureteral catheters are left in place for 
twenty-four to forty-eight hours, but not longer, because they are 
likely to induce labor. In 11 cases in this series it was necessary to 
empty the uterus. 


UREMIA 

Wear, Sisk and Trinkle made an experimental and clinical study 
of peritoneal lavage in the treatment of uremia. Mhth few excep- 
tions, previous investigators have used saline solutions, dextrose solu- 
tions or a combination of these. The objectionable feature was that 
they removed not only nitrogenous elements but also such vital suii- 
stances as calcium, chlorides and sugar. For this reason. Wear, Sisk 
and Trinkle chose lactate-Ringer solution for their first perfusion 
fluid. 


71. Hundley, J. iNt. ; Siegel, I. A.; Haclitcl, F. W., and Duniler, J. C. : Some 
Pliysiological and Pathological Observations on the Urinary Tract During Preg- 
nancy, Surg., Gynec. S: Obst. 66:360-379 (Feb.) 1938. 

72. Wear, J. B.; Sisk, I. R., and Trinkle, A. J. : Peritoneal I-avage in the 
Treatment of Uremia: .\n Experimental and Clinical Study, .1. Urol. 39:53-62 
(Jan.) 1938. 
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The procedure was carried out with the patient under morphine and 
pentobarbital sodium anesthesia. For continuous perfusion two tro- 
cars were used. A standard gallbladder trocar was introduced indhe 
upper portion of the abdomen. The trocar introduced into the lower 
portion of the abdomen was modified by the placing of numerous small 
holes in its distal third to avoid occlusion of a singlg^ opening by the 
omentum and intestines. From an insulated reservoir the fluid was 
introduced into the upper cannula. The lower cannula was attached 
to rubber tubing which hung dependent into a bottle on the floor and 
acted as a siphon. The perfusion fluid was kept at a temperature of 
40 C. in a water bath. Specimens of blood were taken before and 
after the lavage, and specimens were taken from the fluid recovered 
from the lavage. 

Decrease in concenti'ation of iionprotein nitrogen of the blood after 
lavage ranged from 10 to 59 mg. per hundred cubic centimeters. The 
greatest reduction occurred in cases in which the highest retention of 
nitrogen was present. 

Wear, Sisk and Trinkle stated that they do not offer peritoneal lav- 
age as a treatment for patients who have hopelessly damaged kidneys, 
but they feel that it is a method well worthy of trial in cases in which 
there is some hope of return of renal function. The procedure itself 
is without morbidity or mortality, and large quantities of nonprotein 
nitrogen can be removed. The treatment of uremia by this method is 
the treatment of a secondary damaging factor. Every effort should be 
made to combat the severe decrease in the carbon dioxide-combining 
power of the blood which is a rather constant and dangerous result of 
uremia. 
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CRANIAL VENOUS SINUSES 

CORRELATION BETWEEN ROENTGENOGRAMS OF THE OCCIPITAL BONE 
AND THE QUECKENSTEDT (toBEY-AYER) TEST 

BARNES WOODHALL, M.D. 

DURHAM, N. C. 

AND 

ASA E. SEEDS, M.D. 

PORTLAND, ORE. 

It has been demonstrated previously that roentgenographic evidence 
of the relative volumes of the lateral sinuses corresponds to comparative 
anatomic evidence of the bony markings on the occipital bone.‘ The 
value of a clinical method for the demonstration of comparative volumes 
of the lateral sinuses has been briefly discussed in the presentation of 
that evidence. In order to elucidate further the relation between the 
actual volume of a sinus and a roentgenographic presentation of that 
volume, it appeared desirable to compare the responses of the internal 
jugular veins obtained during the performance of the Tobey-Ayer test 
with the roentgenographic picture of the markings of the lateral sinuses 
on the occipital bone of the same person. Since the result of the Tobey- 
Ayer application of the Queckenstedt test is directly influenced by the 
caliber of the major efferent cranial vessels, the presence of a favorable 
correlation should further indicate the clinical value of such roentgeno- 
grams. 

For the purpose of this study, manometric investigations of the 
dynamics of the normal spinal fluid were performed on 100 patients in 
the general surgical wards of the Johns Hopkins Hospital. The original 
technic was used, and the qualifying factors noted by the originators 
of the Tobey-Ayer test - were taken into account. Tbe response of the 
spinal fluid pressure to compression of the internal jugular vein on 

From tlie Department of Surgery and the Department of Roentgenology, 
Johns Hopkins Hospital. 

1. Woodliall, B.: Variations of the Cranial Venous Sinuses in the Region 
of the Torcular Herophili, Arcli. Surg. 33:297-314 (Aug.) 1936. Woodliall, B., 
and Seeds, A. E. ; Cranial Venous Sinuses: Correlation Between Skull Markings 
and Roentgenograms of the Occipital Bone, ibid. 33:867-875 (Nov.) 1936. 

2. Tobey, G. L., Jr., and Ayer, J. B. : Dynamic Studies on the Cerebrospinal 
Fluid in the Differential Diagnosis of Lateral Sinus Thrombosis, Arcb. Otolarvng. 
2:50-57 (July) 192.5. 
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either side, the speed of the response on application of the compression 
and on its release and the response to simultaneous compression of the 


COMPILATION OF RESULTS 


Interpretation of Roentgenograms No. 
1. Right lateral sinus greater than left 


Slight difference 11 

Moderate difference 5 

Pronounced difference 6 


22 


Findings on Performance of 

Tobey-Ayer Test No. 

Response of right internal jugular vein 

greater than that of left 5 

Responses equal 6 

Response of right internal jugular vein 

greater than that of left 5 

Response of right internal jugular vein 
greater than that of left 6 


2. Right lateral sinus visible; no left 5 


22 

Response of right internal jugular vein 
present; little if any response of left 

internal jugular vein I 

Response of right internal jugular vein 
greater than that of left 1 


S. Left lateral sinus greater than right 


Slight difference 11 

Moderate difference 3 


14 


Response of left internal jugular vein 


greater than that of right 6 

Responses equal 5 


Response of left internal jugular vein 
greater than that of right 


4. Left lateral sinus visible; no right 3 


5. Both lateral sinuses visible and of 
equal volume 40 


6. Indistinct mariings 


16 


14 

Response of left internal jugular vein 
present; little if any response of right 

internal jugular vein 2 

Response of left internal jugular vein 
greater than that of right 1 

3 

Responses equal ^ 

Response of right internal jugular vein 

slightly greater than that of left lo 

Response of left internal jugular vein ^ 
slightly greater than that of right 

40 

. * le 

Responses equal ;■ 

Response of right internal jugular vein 

greater than that of left 

Response of left internal jugular vein 
greater than that of right 

IC 


Roentgenograms 


RESUME 

No. Tobey-Ayer Tests 


No 


Right lateral sinus greater than left 22 


Right lateral sinus visible; no left 5 

Left lateral sinus greater than right — 14 

Left lateral sinus visible; no right 3 

Both lateral sinuses sicible and of 

equal volume 40 

Indistinct markings 16 


100 


Response 

greater 

Response 

present; 

Response 

greater 

Response 

present; 

Responses 


of right internal jugular vein 

than that of left 

of right internal jugular vein ^ 

no response of left...- ••• 

of left internal Jugular vein 
than that of right.----"---;:: 

of left internal _ jugular vein ^ 

no response of right 

equal 


100 


internal jugular veins were recorded, frequently by means 
tambour and sphygmograpb. After the completion of each 


of a simple 

nianometric 
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study, roentgenograms of the occipital bone in the anteroposterior plane 
were taken for comparison. 


COMMENT 

This study of a second series of 100 roentgenograms of the occipital 
bone of persons on whom precise manometric studies of the dynamics 


500 



Fig. 1. — diagram of the response to the Queckenstedt (Tobey-Ayer) test 
of a patient with a unilateral cranial sinus pattern. B, cranial roentgenogram of 
the same patient. Markings of the right lateral sinus arc visible. No markings of 
the left lateral sinus are visible. 


of the normal spinal fluid have been made by the method of Tobey and 
Ayer indicates again that such roentgenograms may be considered a 
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reliable index of the volume of the lateral sinuses. In the relatively low 
percentage of cases in which the markings of the lateral sinuses are not 
■distinct in the occipital projection, roentgenographic study of the base 
■of the skull, with visualization of the size of the jugular foramens, may 



timer 

8ec« 

Preseure Resting Right Left Combined 

B®* I5Q 155 SliO 270 Bin* 

water 




Fig. 2. — A, k 3 ^mograpliic record of a positive response to the Tobej 
on compression of the right internal jugular vein. Tlie response 

or normal, on compression of the left internal jugular ve.m ^ag 
to the Tobey-Ayer test for a patient with ^ j^tera^ sinus 

C cranial roentgenogram of the same patient.^ Harkings o 
are dsible. No markings of the right lateral sinus are visible. 



Timer 
3 see. 
Pressure 



mm* Besting Loft Combined 
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Fig. 3. — A, kymographic record of a patient with a bilateral and equal response 
to the Queckenstedt (Tobey-Ayer) test. B, cranial roentgenogram of the same 
patient, showing markings of bilateral and equal sinuses. 



Fig. 4. — Cranial roentgenogram of a patient in whom the right jugular foramen 
was larger than the left. 
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be substituted. Although a statistical study has not as yet been com- 
pleted of the latter projection, it is evident that a combined occipito- 
basilar visualization of the markings of the lateral sinuses and of the 
jugular foramens should provide complete roentgenographic evidence of 
the comparative volumes of these major efferent cranial vessels. 



EVOLUTION OF TREATMENT OF FRACTURE 
OF NECK OF FEMUR 


PETER CORDASCO, M.D. 

Assistant Orthopedic Surgeon 

MONTCLAIR, N. J. 

The purpose of this article is to present an account of the evolution 
of the treatment of fractures of the neck of the femur, more specifically 
of those of the transcervical type. 

In the exhaustive survey made toward this end I have tried to take 
up the various methods in chronologic order as much as possible. In 
a few exceptional cases, as in the discussion of the open treatment of 
these fractures, I have found it necessary to deviate from the general 
plan mentioned. 

Of all the fractures with which the surgeon has had to deal, it is 
generally conceded that the one that has given him the most trouble 
and disappointment is the fracture of the hip. Until recently the best 
that he could expect to promise was bony union and a cure in about 
1 out of 3 cases. While a similar state of affairs formerly obtained for 
fractures of the patella, the carpal scaphoid and the olecranon, at present 
the improved methods of treatment of these fractures have surmounted 
the dangers of failure of bony union. There remains, therefore, only the 
problem of the fractured hip to contend with ; and in the light of 
present day interest and progress in this field, the handicaps in treat- 
ment of this fracture likewise seem doomed, and success appears on 
the horizon. 

Up to the present time, with only such a poor prognosis to offer, 
namely, bony union in 1 of 3 cases, the surgeon’s attitude and approach 
toward new cases have not been happy. It has been stated that in 
some of the very large, active hospitals patients with such fractures 
were refused admittance because the}' occupied limited bed space 
futilely and for such prolonged periods. Since so little could be done 
for them at the hospital, it was thought that they should be cared 
for at home. 

From the Department of Surgery, Orthopedic Division, ^fountainside Hospital, 
Dr. Toufick Nicola, chief. 

The illustrations for this article have been taken from other publications. In 
each instance the name of the author is given in parentheses at the end of the 
legend, and the complete reference to the source appears under the author’s name 
in the bibliography. 
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The method of treatment of such fractures has been constancy 
changing because of all too frequent failures. I shall therefore endeavor 
to trace the history of their treatment from the time of the earliest 
recorded case, with its feeble and profoundly inadequate management, 
through the period during which various types of crude and uncom- 
fortable splints were used, to a period when the condition was generally 
regarded as hopeless and nothing but conservative methods were applied, 
such as the placing of a pillow under the knee ; then on through 
a period of more or less inactivity until the plaster of pans abduction 
treatment became the vogue ; and finally, as surgery became more highly 
perfected, to the period of introduction of the more radical methods of 
internal fixation used at the present time. The last-mentioned methods 
seem unquestionably to have opened up a new avenue in this field, and 
because of the remarkably successful results reported to date they 
promise to be regarded as the greatest advance made in orthopedic 
surgery in the last quarter of a century. 

During the compilation of the data for this historical survey, I ' 
could not but be impressed by the emphasis placed (rightly) by our 
predecessors on the anatomic, pathologic, mechanical and clinical aspects 
of the condition as applied to its treatment. A proper consideration 
of the anatomy of the hip joint, the osseous structure of the neck of 
the femur, the classification of the types of fracture in this region, the 
displacements of the fragments and the cause, signs and symptoms of 
this fracture is therefore essential to a clearer understanding and evalu- 
ation of the early efforts made in its treatment. 


DEFINITION AND CLASSIFICATION 

Formerly fractures of the neck of the femur were classified as either 
intracapsular or extracapsular fractures, according to their location 
within or without the capsule of the hip joint. At present they are 
more accurately designated as subcapital (fig. 1) or near the head, 
transcervical or central, and basal, or near or through the base o 
the neck. 

The fracture may also be impacted, incomplete, complete, o ique, 
transverse or comminuted. The fractures that appear impacte on 
roentgen examination often are those in which severe displacement 
present, such as when the fragments occupy an end to side P“J >on. 
The roentgenograms in such cases are deceptive unless latera 
are taken. Rarely a true impacted fracture has been observed, m wh. 1 
case the patient was up and about with no .on appl. 

The incomplete and impacted ones occur more of en at the b - 
the complete fracture is found in the prox.mal or centra region^^ 
The comminuted type usually is produced by a direct fall on g 
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trochanter. The prognosis is better in such cases, because of the 
greater amount of force required to fracture the bone, than it usually 
is for the senile patient. 

ETIOLOGY 

Fracture of the neck of the femur usuall}^ occurs in persons over 
SO years of age. There is a slight predominance of women over men. 

Owing to the fact that the fracture commonly occurs in the aged, 
in whom degenerative changes in the neck of the femur are frequently 
found, such as absorption and rarefaction of bone, the ease with which 
this fracture follows trauma ma)' well be imagined. Some authorities 
go so far as to state that often it is a slight sudden twist of the leg, 
occurring, for instance, as the result of getting the toe of the shoe 



Fig. 1. — Sites of fracture. (From Wilson and Cochrane.) 

caught on a rug or against a rough pavement or curbstone, that 
actually causes the fracture and that the fall that takes place is a result 
rather than the cause of the injury. A direct fall on the feet from a 
height or a fall on the trochanter may also produce this fracture. This 
is more often the case with younger or middle-aged persons, in whom 
osteoporotic changes in the neck of the femur are not yet present. 

CLINICAL SIGNS 

The typical picture of a patient with fracture of the neck of the 
femur is that of an aged person lying in the supine position with the 
affected leg apparently helpless and rolled outward, so that the outer 
border of the foot is lying on the pavement or floor. Slight adduction 
of the limb is noted. On comparative measurement of both legs, the 
affected one shows shortening. The iliotibial hand is found to he 
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relaxed. There is local tenderness over the greater trochanter. The 
tip of the greater trochanter lies above Nelaton’s line, a line drawn 
from the anterior superior spine of the ilium to the tuberosity of the 
ischium. The base of Bryant’s triangle is shortened. This is deter- 
mined with the patient lying on his back. One side of the triangle is a 
perpendicular from the anterior spine to the table, and the other side 
is one joining the anterior superior spine of the ilium and the tip of 
the greater trochanter. The base is a line running horizontally from 
the tip of the greater trochanter to the perpendicular line. The roentgen 
findings are essential for the final diagnosis and for determining the 
type of fracture. 


ANATOMY OF THE HIP JOINT 


The hip joint is a ball and socket joint composed of the cup-shaped 
acetabulum and the almost spherical head of the femur. The strong 
capsular ligaments and the teres ligament enclose the joint and main- 
tain it in place. The capsular ligaments are attached to the rim of 
the acetabulum and to the anterior and posterior intertrochanteric lines 
of the femur, incorporating the major portion of the neck of the femur 
within the capsular joint space. 

The acetabulum is a large cup-shaped cavity on the lateral aspect 
of the hip bone. The lower part is deficient, and the gap is called the 
acetabular notch; a fibrous band called the transverse ligament fills 
in this gap. 

The upper end of the femur is made up of the head, the neck 
and the greater and lesser trochanters. The head, which is rounded and 
forms more than a hemisphere, is directed upward, inward and a little 
forward. There is an ovoid depression, the fovea, on its smooth sur- 
face just below and behind the center, to which the ligamentum teres 


is attached. 

The neck is the thick bar that connects the head with the body in the 
region of the trochanters. It is nearly 2 inches (5 cm.) long, is 
thinnest in the middle and is widest toward each end, especially the 
end which joins the body. The neck joins the body at an obtuse angle 
of 125 to 135 degrees. The obliquity of the neck varies with the age 
of the person and ranges from a gentle curve in infancy to almost 

a right angle in old age. ' i i f 1 

The greater trochanter is the large square prominence on die la era 
aspect of the femur, where the neck joins the shaft. Its root is “J*'''’ ’ ^ 
off from the shaft by a more or less horizontal ridge on its la 
aspect, called the vasternus line. The jxiwerful outward rotator mus 
of the'thigh are attached to the greater trochanter. 

The lesser trochanter is the rounded conical projection oi 
posterior and medial aspect of the bone, where the lower par 
neck joins the body. 
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The anterior intertrochanteric line is the I'ough broad line which 
extends from the upper part of the anterior surface of the greater 
trochanter toward the lesser trochanter. The posterior intertrochanteric 
line connects the upper and back part of the lesser trochanter on the 
posterior surface of the neck of the femur. 

The head is covered with cartilage and so is the acetabulum, with 
the exception of the depressions found in both for the attachment of 
the teres ligament. A mass of fat covered with synovial membrane 
occupies the acetabular notch. 

The capsular ligament (figs. 3 and 4) of the hip joint, a strong, 
dense ligamentous capsule, is made up of three portions : the iliofemoral, 
pubofemoral and ischiocapsular ligaments. It is attached at the brim 
of the acetabulum above; below, it is attached in front to the femur 
along the anterior intertrochanteric line, above to the neck a little short 
of its junction to the greater trochanter, behind to the neck itself 
about inch (1.3 cm.) from the posterior intertrochanteric line, and 
below to the upper part of the lesser trochanter. 

Thus there is formed a sort of tubular sheath embracing the hip 
joint. It consists of two sets of fibers, circular and longitudinal. The 
circular fibers, the zona orbicularis, are most abundant at the lower and 
back part of the capsule and form a sling or collar around the neck 
of the femur. The longitudinal fibers are most numerous at the upper 
and front part of the capsule, whei'e they form distinct bands or 
accessory ligaments, of which the most important is the iliofemoral 
ligament. Other accessory bands are the pubofemoral and ischiocapsular 
ligaments. 

The ligamentum teres is a triangular band the apex of which is 
inserted into the depression in the head of the femur, and its broad 
base takes origin in the margins of the acetabular notch, becoming 
blended with the transverse ligament that bridges this notch. It runs 
upward from the acetabular notch to the head of the femur. It consists 
of connective tissue, surrounded by a tubular sheath of synovial mem- 
brane. Sometimes only the synovial fold exists. The ligamentum teres 
on rare occasions may be absent. 

Circulation . — The circulation (fig. 5) to the hip joint is derived from 
the circumflex artery of the profunda femoris, the external circumflex 
and the superficial circumflex iliac of the femoral artery. According 
to Kolodny, there are four sets of blood vessels to the head and neck 
of the femur: 1. Vessels from the shaft, which enter from the superior 
nutrient artery and through the neck to the head; (2) periosteal vessels, 
which pass superficially along the borders of the neck into the head 
(as the existence of periosteum on the neck of the femur is disputed, 
these vessels should probably be called, according to \\\ C. Campbell, 
synovial, as they must pass in the synovial membrane which is reflected 




Fig, 3.^ — Drawing of the hip, anterior view, showing the ligaments. The liga- 
mentum iliofemorale, or Y ligament, is prominent. (From Campbell.) 



pjg, 4. — Drawing of the hip, posterior view, showing the ligaments, including 
the ischiocapsular and ischiofemoral ligaments. A considerable portion of the 
posterior aspect of the extracapsular portion of the femoral neck is also shown. 
(From Campbell.) 


1. Figure 2 has been omitted. 
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over the neck) ; (3) epiphysial vessels, which pass to the epiphysis 
from the capsule, and (4) vessels from the ligamentum teres, which 
enter the head at the depressed area known as the fovea. 

W. E. Wolcott preferred to designate the circulation of the hip 
joint as consisting of a threefold -blood supply: (1) ligamentum teres 
artery, (2) posterior superior visceral capsular arteries and (3) posterior 
inferior visceral capsular arteries. 



Fig. 5. — Sdicniatic drawing showing circulation to the liead and the neck 
of the femur. (From Campbell.) 


Muscle Action . — The muscles which flex the femur on the pelvis 
are the iliopsoas, the rectus femoris, the sartorius, the pectineus, the 
adductor longus, the adductor brevis, tlie anterior fibers of the gluteus 
medius and the gluteus minimus. 

Extension at the hip joint is mainly performed by the gluteus 
maximus assisted by the hamstrings. 

The thigh is adducted by the adductor magnus. tlie adductor longus, 
the adductor brevis, the pectineus, the gracilis and the lower and upper 
parts of the gluteus maximus. 
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The muscles which rotate the thigh inward are the anterior fibers 
of the gluteus medius, the gluteus minimus and the tensor fasciae 
femoris; those which rotate it outward are the posterior fibers of the 
gluteus medius, the fibers of the piriformis, the obturator externus, 
the gemelli, the quadratus femoris, the iliopsoas, the gluteus maximus, 
the three adductors, the pectineus and the sartorius. 


DISPLACEMENTS 


The proximal or head fragment in intracapsular fracture of the 
neck of the femur possesses extreme mobility because of its smooth 
and lubricated surface, because of the presence of blood and synovial 
fluid, because of its position within a tube of capsule (even though 
this is torn, as frequently is the case) and because with the single excep- 
tion of the ligamentum teres there is no other structure attached to it that 
might prevent its motion. The various positions that this fragment 
can assume in respect to that of the neck fragment are therefore many. 

The head fragment, then, can assume various positions in respect 
to the neck fragment. It may be tilted backward or in external 
rotation; forward, or in internal rotation; upward, or in flexion; 
downward, or in hyperextension; or it may remain in the neutral 
position, or normal extension. The commonest positions assumed 
by the head fragment, however, are forward tilt, upward and neutral. 
Displacements of the distal or neck fragment are largely due to muscular 
action and gravity. This fragment usually is pulled upward by the 
gluteal muscles, the iliopsoas muscle, the adductors and the hamstrings, 
causing shortening of the limb. It is 'also outwardly rotated by the 
powerful gluteal muscles, the piriformis and the gemelli. The force 
of gravity, because of the angle of the foot to the leg, also enters 
into the external rotation produced. Likewise, because of gravity, the 
distal or neck fragment is displaced backward, in relation to the 
patient’s body. 

Owing to all these influences, namely, the extreme mobility of the 
head fragment and the muscular and gravitational effects produced 
on the distal or neck fragment, the fractured surfaces of these frag- 
ments may assume various positions and relations to each other. These 
are as follows: 


1. The open V position. In this position the head fragment is 

tilted forward and the neck fragment rotated outward, so that tic 
posterior edge of the head fragment fracture surface is cocked on e 
fracture surface of the distal fragment. _ 

2. The neutral position. The fracture surfaces are appro.ximate 
to each other, probably with a little upward and baclavard 

of the distal fragment. This often is the case in impacted f 
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3. Placement of the fracture surface of the capital fragment behind 
the neck of the cervical fragment. 

4. Placement of the fracture surface of the cervical fragment behind 
the capital fragment. 


HISTORY OF TREATMENT 

Historically, the great battlefield in fracture surgery has been the 
fractured hip. The results obtained in the treatment of fracture of 
the neck of the femur have been far from satisfactory. Numerous 
methods of treatment have been tried and discarded after their failure 
has been demonstrated. After the fracture had been reduced, how 
was it to be kept successfully immobilized, so that nature could be 
given a chance to heal it? On account of this difficulty one prominent 
surgeon of the present time has gone so far as to call it the "unsolved 
fracture.” 

In this historical survey I shall be concerned mainly with the 
methods that have been attempted for reduction and for securing 
immobilization of the fracture. 

AMBROISE pare: THE FIRST RECORDED CASE 

It is not known for certain whether the ancients had knowledge of 
the existence of fractures of the neck of the femur. Boyer has stated 
that, “Although Hippocrates has not, in the exact words, spoken of 
this fracture there can be no doubt, from several passages in his article 
on fractures of the thigh-bone, that he had seen it.” Malgaigne likewise 
credited the ancients with positive knowledge of this condition. The 
first report, however, that has been recorded in the literature is that 
of Ambroise Pare (1510-1590) in his “Works of Ambroise Pare.” 
This epoch-making report is as follows: 

A fracture sometimes happens at the joint of the hip in the neck of the thigli 
bone, as I once observed in an honest matron. I being called to her, when I 
had observed the hurt thigh to be shorter than the whole, with the outward 
prominence of the ischium, which at the first sight I supposed to proceed from 
the head of the thigh bone, I presently persuaded myself it was a dislocation. 
I then therefore extended the bone, and forced (as I thought) the head thereof into 
its cavitie. The equalities of both the legs in bigness which followed upon this 
extension, increased my persuasion that it was a dislocation. The next day I visited 
her the second time, and found her in great pain, her hurt leg shorter, and her 
foot rested inwards. Then I loosed all her ligatures and perceived such a 
prominence as I did formerly. Wherefore I endeavored again to force in the 
head of the bone, as I formerly did. But as I was busied therein, I heard a 
little crackling and also I considered that there was no cavity or depression in 
the joint, by which signs I certainly persuaded myself that the bone was broken 
and not dislocated. Neither only such kind of fractures, but also the separation 
of the appendix or head of this bone from its place, may induce one to think: it 
a dislocation; which thing has sometimes deceived some heedless surgeons, who 
have not dreamt of the dnailsion or separation of the appendix from the top of 
the thigh-bone but have judged it only a dislocation. 
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Then, therefore, I set the bone, and joined the fragments together, laid 
thereupon splints (fig. 6) with compresses, made ligations with a rowler, 
having two heads wrapped about the joint, and the body crosswise, and I defended 
her foote with a case, that none of the clothes might press it. I fastened a 
rope to a post, and so let it come down into the midst of the bed and tied therein 
many knots, for the better taking hold and lifting up herself. 

Thus, Ambroise Pare became the first to recognize and report a 
case of fracture of the neck of the femur. Morgagni (1682-1731) was .. 
the next. Heister (1683-1758) and Ruysch (1638-1731) described the 
pathologic appearance of this fracture as observed at autopsy and were 
definite in their assertions that Pare deserved the credit for first recog- 



Fig. 6.— Ambroise Fare’s method. A compress and splints are applied to the 
affected hip with a spica inguinalis bandage over all, a rope suspended from t le 
ceiling and a cradle provided for protection of the feet. (From Hmdmarst.) 


zing it. Later, Petit, Henr)- Earle, John Bell and others likc.vise 
oked on Pare as the pioneer in this field. _ 

The treatment employed by Ambroise Pare consisted simp> o 
■esses applied about the hip joint with splints and a spica inguinal 

indage over all. 
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This method, then, the crudity and inefficiency of which are so 
apparent, constitutes the first method of treating a fracture of the 
neck of the femur of which record is found in the literature. 

The next method was that of Fabricius Hildanus (1537-1619). 
It was called the girt or belt of Hildanus (fig. 7) and consisted of a 
“belt drawn and buckled very tightly above the knee, the belt being 
first introduced through the eyes of two hooks,” one on the outer 
and the other on the inner aspect of the knee. The ends of a rope 
were attached to these hooks. A double pulley was attached to the 
middle of this rope, and another pulley was tied to the eye of a 
screw made fast to the foot of the bed. A series of ropes was passed 
through, connecting both pulleys with the free end used to modify the 
amount of extension applied to the leg. 

Counterextension was obtained by the use of two sheets which acted 
as perineal bands and were attached to each side of the headposts of 
the bed. 



Fig. 7. — Girt of Hildanus. Traction is produced by means of a system of 
pulleys attached on one side to a rope which is anchored at the knee by two 
hooks and a circular strap above the knee and on the other side to a screw fastened 
to a wall of the room. (From Boyer.) 

In the method of Hildanus one sees the principle, of extension and 
counterextension applied for the first time in the treatment of frac- 
ture of the neck of the femur. 

Lawrence Heister (1683-1758) made use of this method, as 
described by him in his “System of Surgery,” published in 1750. 

Benjamin Gooch (F-1780) sought a better method than that of 
Hildanus by applying the principle of distention (fig. 8). He used a 
metal ring at the upper part of the thigh and one for the lower part, 
just above the knee. Two metal rods were fi.xed to the outer and 
inner parts of the upper ring and were shaped in the forin of a screw 
at their lower ends. The lower ring had attached to it on each side 
an eye through which the screws of the side pieces worked. Then 
with a special screw key the side pieces could be lengthened as desired 
to get the effect of distention. For immobilization, a splint of thin 
timber was wrapped around the thigh and held in place by fillets. 

Gooch attempted by this method to ajiply an old principle, known 
and employed by Hippocrates, namely, the principle of distention or 
distraction, such as was used for fracture of the shaft of the femur. 
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John Aitken ( ?-1790), of Edinburgh, improved on Gooch’s machine 
by using a firm leather strap lined with soft flannel, applied around the 
pelvis (fig. 9). Three metal splints were attached to this strap and to a 
lower leather strap just above the knee by passing through three iron 
screw plates. They were fixed by screw nails passing through one of the 
holes at the lower end of the steel splints. Thus the length of the 
steel splint could be graduated as desired for distraction. A soft strap 
which was forked at its lower free end was fixed to the back part of the 
upper circular strap. The forked ends were brought around each side 
of the thigh and tied around the forepart of the circular strap to secure 
it from moving upward. 






Fig. 8. — Gooch’s machine, utilizing the principle of traction and counfertrac- 
tion by a process of “distention” or “distraction” regulated by the two screws at 
the lower ends of the side pieces. (From Boyer.) 


Jean Louis Petit (1674-1750) described a case of fracture of the 
neck of the femur that he treated by means of extension and counter- 
extension. He obtained the latter by a sheet or perineal band across t le 
groin of the sound hip and the former by two extension straps, one 
above the condyles of the knee and one above the malleoli. Each o t le 
latter two straps was made fast to the foot of the bed, and they verc 
used alternately for the convenience of the patient. A long outer jun ■ 
or pasteboard splint from the crest of the ilium to beyond tlie foot an a 
shorter inner junk from the groin to beyond the foot were 
to the leg by means of crosswise straps. A napkin drawn aroun 
pelvis to fix the upper end of the long outer splint was applied. . 
fastened by a double strap sensed to keep the foot firm. oo 
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l:i?lcnc(i to tlic ccilinp:. ciroppinii to the inidiilc of tlic bed within 
roach of the patient’s liands to provide snj)j)ort. 

The principle of extension and countcrextension was employed as 
the sole method of treatment up to this jKtint. The next method to be 
ntentioned was exactly opposite, namely, treatment with the limb in semi- 


Tl&.t . 1*10.2.. 

K K 



Fig. 9. — Aitkin’s machine, operating on die same principle as the Gooch 
machine except that a waistband is substituted for the hand in the groin. (From 
Boyer.) 



Fig. 10. — Percival Pott’s method, utilizing the semiflexion position to relax 
the muscles and thus balance the forces on the osseous fragments at the site 
of fracture. (From Boyer.) 

flexion. The great advocate, as well as the original proposer, of this 
position was Percival Pott (1713-1788), who was said to have worked 
a complete revolution in this department of surgery. Pott placed the 
patient on the affected side (fig. 10), with the plane through the anterior 
superior spines of the ilii perpendicular to the horizon, the thigh 
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drawn up to an obtuse angle with the pelvis and the leg bent to a right 
with the thigh. This position was believed by its originator to 
. ■■■‘accomplish the effect of immobilization of the fragments and at the 
same time to prevent a displacement of the fragments at the fracture 
1 ' site by having the extensor and flexor muscles of the thigh in complete 
neutralization and balance. 

While Pott’s method itself did not become widespread in its use, 
it will be noted how his principles, semiflexion and muscular balance, 
were utilized again and again in other methods to be described later. 

Desault (1744-1795) raised objections to this position on the grounds 
that (1) there was the difiiculty of making extension necessary on the 
broken bone, (2) the impossibility of accurately comparing the two 
limbs, (3) the inconvenience of lying on the side, (4) the injurious 
pressure sustained on the greater trochanter, (5) the danger of derange- 
ments to which the fracture was liable when the patient went to stool 
and (6) the difficulty of firmly fixing the leg. 

Desault therefore improvised a splint (fig. 11) which he believed 
obviated these difficulties. It returned to the principle of extension 
and counterextension. The description of the Desault splint is as 
follows ; 

A long flat wooden splint from the crest of the ilium to about 6 
inches (15 cm.) beyond the foot was used as an outer splint. The 
lower end of the splint was notched and had a mortise to which the 
lower extending bandage around the leg was tied. A bandage was 
placed around the pelvis to secure this splint from being displaced 
upward ; also, to aid in this respect, there was a bandage passing around 
the upper end of this splint and across the perineum, the tuberosity of 
the ischium acting as the anchoring support. An anterior splint from the 
groin to the knee was applied and held in place by four circular straps 
around the thigh, incorporating the external splint. Three circular 
straps maintained the latter splint to the leg. A figure of eight bandage 
around the foot was tied to the mortise in the notch at the lower end 
of the splint. Desault believed that this splint satisfied the three essen- 
tial requirements for osseous union, namely, to keep the body of the 
femur down, to retain the pelvis up, and to secure the foot in a 
straight line with the leg as much as possible. Before the time of 
Desault, counterextension was made by a perineal band fastened to the 
headboard of the bed whereas Desault applied counterextension by 
means of his long “permanent extension” splint. 

[Note. — Desault’s wife suffered a fracture of the neck of the femur 
in 1830 and died of pneumonia after one month. Paradoxically, she 
was treated by use of the double inclined plane, the prevalent method o 

the day.] 
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ri:UIOD OF SIR astlev cooper 

The next period was that o£ Sir Astley Cooper (1768-1841), who 
made the treatment of intracapsular fracture of the neck of the femur 
a subject of lively debate among his contemporaries. This period is 
considered b}^ man}' authorities as that in which the first serious con- 
tributions on the nature and treatment of this condition were made. 
In fact, many of the recent articles dealing with the method of treat- 
ment of such fracture declare that the first rational treatment dates 
back to Sir Astley Cooper. He was the exponent of conservative treat- 
ment. This is very well described in his own words, which have been 
quoted frequently in the literature on this subject: 

Not having found any mode of treatment succeed in effecting ossific union in 
these cases, and having repeatedly seen the patient’s health mucli injured by the 
trials which have been made, all that I now direct to be done, is, that a pillow 
should be placed under the limb for its whole length, and a second rolled up, 
put under the knee, and that the limb should be allowed to remain upon these 



Fig. 11. — The Desault splint. A long side splint and a short anterior splint 
are used, and permanent traction is maintained by fixing the foot to a notch 
at the distal end of the long splint and anchoring the hip to the proximal end of 
this same splint. (From Boyer.) 


for 10 days or a fortnight, until pain and inflammation have subsided ; the 
patient should then be allowed to rise and sit in a high chair ; to prevent much 
flexion of the limb, which would be painful, in a few days more he should 
begin to walk with crutches, and after a time, a stick should be substituted 
for the crutches, and in a few months he will be able to use the limb without 
any adventitious support ; when he commences to bear the weight of the body 
on the limb he should be provided with a high heeled shoe which will much 
assist him. 

Notable among Sir Astley Cooper’s contributions to knowledge of 
this subject was his clear segregation of the fractures into two classes : 
(1) fractures through the neck proper (“intracapsular”), and (2) 
fractures through the trochanters (“extracapsular”). He was the first 
to bring out the importance of this fact and its bearing on the ultimate 
prognosis. In his time the outlook for fractures of the first type was 
extremely poor, while that for fractures of the second type was very 
good. 
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While Sir Astley Cooper claimed that bony union was difficult to 
obtain for “intracapsular” or transcervical fractures because of want 
of proper apposition, adequate lateral pressure on the fragments and 
deficient nutrition of the parts due to severance of the articular capsule, 
he did not deny the possibility of osseous union ; “if a fracture should 
happen without the reflected ligament being torn, nutrition would con- 
tinue and the bones might unite.” 

Therefore, Cooper was primarily interested in saving life rather 
than in obtaining osseous union at the site of fracture. But this con- 
servative attitude did not go unchallenged; in fact, the feeling in the 
opposing camp, composed of Dupuytren, Boyer, Malgaigne, Charles 
Bell, Henry Earle and others, was strongly in favor of the belief that 
osseous union was possible and therefore that efforts should be made 
toward positive and deliberate treatment to attain this end. 

Philip Physick (1768-1867) modified Desault's method by increasing 
the length of the outer splint to reach the axilla of the affected side. 
The splint ended in a crutchlike form for comfort in the axilla. The 
counterextension band was made to go from the perineum to a mortise- 
hole in the splint, high up near the axilla. 

To keep the foot from being pulled outward and pressed against 
the external splint, Hutchinson modified Physick’s splint by attaching 
a wooden block to the inner aspect of the lower end of the external 
splint. The extending band around the foot and ankle was then made 
to go across the inner, or free, end of this block of wood, thus keeping 
the foot from pressing against the external splint. 

Dupuytren (1777-1835) objected to Desault's splint because the 
external splint caused pressure necrosis of the soft tissues over the 
greater trochanter and pain at the hip. These objections, he stated, 
often necessitated removal of the apparatus, and shortening of the leg 
would follow. This occurred in the case of General Lafayette. (Men- 


tion is made of this case only because of its historical interest.) 

His mode of treatment consisted first in reducing the fracture by 
flexing the thigh on the abdomen and the leg on the thigh and then 
“drawing the thigh from the abdomen.” This caused the limb to over- 
come the shortening and assume its natural length and the foot to 
correct its eversion into the neutral position. Then he kept the limb 
in flexion at the hip and knee by means of the double-inclined plane, 
which had been previously popularized and extensively used by Sir 
Astley Cooper up to the time that he discarded all methods of treat- 
ment except the pillow under the knee method. Sir Astley Cooper 
gave credit to White, of Manchester, England, as first suggesting t ie 
double-inclined plane method and added that it was later improved on^ )} 
James, of Hoddesdon. The latter placed hinges at the angle of unio 
of the inclined boards so that the height of the triangular plane con 
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be modified as desired. The double-inclined plane was a contrivance 
consisting of three boards placed in the form of a triangle, so that 
the base of this triangle would rest on the mattress and the thigh of 
the injured limb on the one side of the triangle, the knee over the apex 
and the leg over the other side. The principle of this method was that 
of Pott’s scmiflexion jDosition of the limb, namely, to obtain muscular 
relaxation and the ])Osition of greatest comfort. A hinge connected 
the lower angle nearest the hip and another at the apex. The side over 
which the foot rested and the base formed a ratchet mechanism so that 
the altitude of the triangle could be varied according to the height 
desired. Pillows were placed over the apex and two sides of the triangle 
on which the limb was made to rest with comfort. The lower part of 
the leg was fixed by passing a cloth folded diagonally across its anterior 
part and making the ends fast to the sides of the bed, and a similar 
arrangement was adopted with the thigh. 

The point of emphasis in Dupuytren’s procedure was not so much 
in the method of fixation used as in the manner of reduction of the 
fracture. He flexed the thigh on the abdomen and the leg on the thigh 
and then gently “drew the thigh from abdomen.” This was in contra- 
distinction to the old accepted method of reduction by forceful applica- 
tion of extension and counterexlension of the affected leg, 

Belloq (1732-1807) devised a complicated machine (fig. 12) which 
secured extension by means of a jack. It consisted of two lateral splints 
connected below by a cross piece, on which worked a jack. 

Boyer (1757-1833) obtained the same end (fig. 13) by adjusting 
a foot piece at right angles to his mechanical splint. Pie used a screw 
as a windlass to obtain permanent extension. His apparatus was similar 
to Desault’s splint except that it Avas too complicated and expensive 
and was not practical for general use. 

Bruninghausen, according to Boyer, was the first to place the limb 
in internal rotation in order to prevent external rotation. Pie fixed 
a stirrup to the foot of the bed, to which he tied both feet, using the 
sound leg to aid in extension. Then he bandaged a leather splint to 
the outer side of each leg, and the upper end of the bandage encircled 
the pelvis. He later gave up this form of treatment. 

Henry Earle in his book published in 1823 described and illustrated 
his fracture bed. It was a complicated bed (fig. 14) mechanically 
adjustable to form a double-inclined plane. There were an opening 
in the bed for elimination of feces and urine and foot pieces to which 
the feet were fastened. 

Velpeau utilized a method whereby a long roller bandage soaked 
in dextrin was applied around three wide pasteboard splints (anterior, 
lateral and posterior) from the toes of the injured limb up to the hip 
and around the pelvis in spica fashion. This is described in his book 
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“Legons oralcs” (1841). For extension he used the middle of a piece 
of strong bandage in the form of a figure of eight about the ankle 
and tied the ends to the foot post of the bed. A perineal band was 
applied to the groin and fastened to the head post for counterextciision. 
When the bandages were thoroughly dried these two bandages for 
extension and counterextension were removed. Therefore, V elpeau was 
the first to use the hip spica bandage with a material, dextrin, simu- 
lating Whitman’s plaster of paris spica bandage as the immobilizing 
agent. 

Hamilton in 1860 described Gibson’s modification of the liagedorn 
splint. This splint consisted of a wooden footboard (fig. 15) to which 
both feet were fastened at right angles, and the lower ends of two 
crutches, which ends could be adjusted to the length of the limbs by 
means of pegs passed through one of the holes in each of the crutches. 
The crutches were well padded for comfort in the axillas. Thus this 
splint utilized the well leg for extension of the injured leg and the 
crutches for counterextension. 



Fig. 15. Gibson’s modification of the Hagedorn splint. Both feet are strapped 
to the footpiece so that the extended well leg acts as the agent of counterextension. 
The crutches are adjusted to their proper length and fixed to the footpiece. 
Hagedorn’s original splint did not make use of the long crutches ; the side splints 
reached up to about the level of the iliac crests and were bandaged to the legs 
and waist. (From Hamilton.) 

Gurdon Buck, in 1861 introduced an improved extension apparatus 
(fig. 16) for fracture of the thigh. This method, known as Buck’s 
extension, consisted of two long strips of adhesive tape about 2 inches 
(5 cm.) wide, applied to each side of the leg from the midthigh to 
about 6 inches (15 cm.) beyond the sole of the foot. The ends of the 
strips were attached to a wooden block or spreader to relieve the 
pressure of the adhesive strips against the malleoli. The long strips 
were secured in place by crisscross and circular adhesive strips around 
the leg. A cord was attached to the center of the spreader and was 
made to pass over a pulley fastened to the end of the bed. A weight 
of 15 to 25 pounds (7 to 11 Kg.) was attached to the end of the cord 
for weight traction. 

While all efforts up to this time were directed toward fixing the 
fracture by some form of splint or apparatus externally applied, no 
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attempts had been made toward open operation or internal fixation 
until von Langenbeck in 1858 first performed an open nail fixation 
operation on a fractured hip. The operation involved exposing the 
fracture site and nailing the fragments by means of a nail passing 
through the greater trochanter, the neck and the head of the femur. 
Aseptic surgery at this time was not yet heard of. 

Koenig in 1875 and Trendelenburg in 1878 did the same type of 
operation as von Langenbeck’s, but Lister in 1880 performed it with 
aseptic precautions. 

Kocher in 1896 advised resection of the head of the femur for 
fresh fractures, because nonunion, in his opinion, was almost a foregone 
conclusion. 

Returning to the splint methods of treatment of fractured hips, 
Nathan R. Smith in 1867 demonstrated the use of his anterior sus- 
pensory splint (fig. 17), He stated: 

The anterior suspensory splint is applicable, with slight modifications, to all 
fractures of the femur. To none is it more appropriate, and in none has it 
accomplished more satisfactory results than in fractures of the cervix femoris, 
the events of which are so justly regarded as an opprobrium of surgery. 



Fig. 16. — Buck’s extension. (From Fowler.) 


He claimed that his splint provided more comfort than the softest 
pillow and allowed the trunk more liberty in regard to position. For 
these reasons he advocated the use of this splint even though osseous 
union was not expected. 

The splint was made up of a single rigid wire frame extending 
lengthwise from about the level of the iliac crest to the toes. The widdi 
■corresponded approximately to that of the leg. The side pieces of this 
frame were strengthened by curved wire cross pieces at distances of 
about 5 inches (12.5 cm.). They had loops in their centers for attach- 
ment of hooks. The wire frame was bent into angles for the ankle 
and into slight flexion for the knee and for the hip. A muslin bandage 
was tightly wrapped around the wire frame and applied over the 
anterior aspect of the leg b}^ means of bandages. To the hook above 
the knee and to the one at about the middle of the leg were attache 
the ends of a rope, about 5 feet (152 cm.) in length. The middle o 
this cord was made to pass through a loop at the end of a cord vin 
was suspended from a system of pulleys fastened to the ceiling a . 
point perpendicular to a point at the middle of the leg. By shppng 
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the tenblock up or down the limb was elevated or depressed as desired. 
The foot of the bed was elevated by 2 inch (5 cm.) blocks. The 
weight of the body acted as counterextension. Extension was said to 
be accomplished by the obliquity of the cord, the variation of which 
would easily graduate the amount of extension desired. Smith claimed 
that extension was perfectly uniform and that the apparatus did not 
require the tightening or relaxation of bands from day to day. 

Hugh Owen Thomas devised the Thomas ring splint in 1888. It 
consisted of an ovoid cast steel ring and a V-shaped cast steel rod, the 
two ends of which were fixed and attached to the ovoid ring. There 
was a slightly curved notcli at the closed end of the V. The traction 
rope was tied here in cases of emergency traction treatment, for trans- 



Fig. 17. — Anterior suspensory splint of Smith. (From Senn.) 

portation. One arm of the V was shorter than the other, to allow for 
the obliquity of the groin from its external aspect inward. When in 
use the ovoid ring was padded with cotton or sheet wadding. The 
ring was passed around the leg in such a way that it was made to 
circumscribe the thigh at the groin, pressing against the tuber ischii. 
The leg was placed on towels which spanned the metal bars and were 
fastened to these by metal clips. Traction was applied by means of 
Buck’s extension, previously described. This method later came to be 
used mostly in cases in which Whitman’s plaster of paris spica was 
contraindicated. 

Thomas himself preferred to use the Thomas-Ridlon splint (fig. 18), 
because it immobilized the hip joint above and below so that the hip 
corresponded to the center of the appliance (lengthwise). 
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Senn, around 1889, used a plaster of paris spica bandage (fig. 19) 
with a screw device over the lateral aspect of the greater trochanter, 
exerting graduated lateral pressure to force the two fragments together. 

At about the same time, 1889, Ridlon popularized the Thomas- 
Ridlon single hip splint. This was devised to maintain fixation of the 
fragments and to allow the patient to be ambulatory by means of 
crutches. The splint consisted of a main stem, a chest band, a thigh 
band and a calf band. The main stem was placed along the posterior 
aspect of the limh and huttock of the affected side and up the back to 



Fig. 18. — Thornas-Ridlon splint for immobilization of the hip joint. (From 
Keen.) 

the level of the axilla. It was curved over the buttock to conform to the 
contour of the part. 

To the lower end, just above the ankle, was fastened (by one rivet) 
the calf band. The thigh band was also riveted to the stem at about 
the level of the great trochanter. The chest band was fastened at the 
upper end of the stem at a level just below the axillas. All these ban s 
were open anteriorly. A hole was forged in each end of the chest band 
so tliat the shoulder straps might be attached to it and cnsscrosse ove 
the shoulders, to be fastened to the attachment of the chest band 

the stem. 
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The splint was bent to fit the patient approximately, and was 
padded on the side next to the skin. 

Scudder advised the use of Senn’s lateral pressure pad over the 
great trochanter along with the Thomas-Ridlon splint. The limb was 
bandaged to the splint if retentive traction was not necessary. If the 
latter was called for, the shoulder straps were omitted. 

In 1891, C. R. Ruth first used the “anatomic method,” the com- 
bined longitudinal and lateral traction method that was introduced 
by Maxwell in 1871. Tlie method became popularly known as the 
Maxwell-Ruth method (fig. 20). Maxwell claimed no originality for 
this mode of treatment but gave due credit for the discovery to G. W. 
Phillips (fig. 21) who introduced it in 1869. The lateral traction was 
arranged in such a way as also to maintain internal rotation of the hip. 



Fig. 19. — Senn’s plaster of paris spica bandage, with a screw device over the 
lateral aspect of the great trochanter. (From Senn.) 

i. e., by means of a wide strip of adhesive plaster, application of which 
was started at the outer aspect of the upper third of the thigh, 
proceeding internally over the anterior surface of the thigh and then 
over the posterior aspect to beyond the outer aspect of the thigh. A 
rope was attached to this end of the adhesive tape and was made to 
go over a pulley fixed at the side of the bed. Longitudinal traction 
was obtained in the usual manner, i. e., by Buck’s extension. 

It is stated in Wilson and Cochrane’s book that “the resultant of 
the two forces acting at right angles to each other is represented by 
a line passing between the two and corresponds more or less closely 
to the normal axis of the neck of the femur.” Reduction by the 
Maxwell-Ruth method consisted of flexing the thigh at a right angle 
to the trunk. Then an assistant exerted an outward pull in the axis 
of the upper end of the lower fragments. Traction on the limb was 
made in the long axis of the body. 
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whitman’s method 

With the opening of the twentieth century a great milestone loomed 
in the evolutionary progress of the treatment of fractures of the hip 
Royal Whitman, of New York, gallantly revived an almost dying 



Fig. 20. — Maxwell-Ruth method of combined lateral and longitudinal trac- 
tion. (From Wilson and Cochrane.) 


interest in patients with such fractures and rekindled anew the flame 
that Ambroise Pare and Sir Astley Cooper had so enthusiastically 
borne in their trail-blazing efforts. In 1904 Whitman introduced the 
plaster of paris hip spica-abduction method of fixation, which was 
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to become for a time tlie accepted treatment all over the world. Bick, 
in his book on the History of Orthopedic Surgery, 1930, stated ; 

Whitman's mcthoti has become a boon to the thousands of aged individuals, 
who, when treated by previous supportive measures had only the prospect of 
spending their few remaining years bedridden or in a wheelchair. He has succeeded 
in effecting rehabilitation of many of these cases, and among the more aged 
ones, has restored to a comparatively adequate function a limb which otherwise 
would have been entirely incapacitating. 

In an article entitled the “Abduction Treatment of Fracture of 
the Neck of the Femur,” appearing in The Journal of the American 
Medical Associaiioii of Dec. 3, 1921, Whitman stated; "The object 
of treatment of a fracture is to restore the symmetry of the broken 
bone, because the primaty cause of nonunion is separation of the 
fragments and because deformity entails loss of function.” 

“The traction treatment is justified,” he continued, "for frac- 
tures of the shaft of the femur hut not of the neck of the femur. In 
the latter case the neck projects laterally and traction can at best 
appose the fragments in an insecure relation.” 

He stated further: 

In a recent treatise on fractures it is stated that the first indication is to 
save life, second to get union, third to correct or diminish displacements. This 
in fracture of the neck of the femur actually represents the subordination of 
surgical principles to inadequate mechanics. The abduction treatment is by 
contrast radical and revolutionary, because, being mechanically adequate for its 
purpose, fracture of the neck of the femur, in all operable cases, is treated like 
other fractures, in complete disregard of the qualifications and restrictions of 
conventional practice and of the conclusions that uphold it. 

The abduction treatment is adequate because it utilizes the anatomy of the 
hip joint both to correct deformity and to appose displaced fragments, external 
appliances being entirely subsidiary to the internal, or natural splint. 

The Whitman method of treatment consists in reducing the frac- 
ture by direct traction of the leg longitudinally with the patient under 
anesthesia and abducting the injured limb, while traction is being 
applied, to the normal 45 degrees position and internally rotating the 
limb. This is done on a special fracture table, the Hawley table, with 
the pelvis supported on a pelvic rest. Two assistants then maintain 
both limbs in about 45 degrees of abduction. A plaster of paris spica 
bandage from the toes of the affected limb to the chest is applied over 
stockinet and a layer of sheet-wadding. Scudder, in his book, advised 
flexing the thigh according to Maxwell (in addition to Whitman’s 
method of reduction) in order more readily to reduce the fragments. 
He considered Whitman’s abduction method of treatment sound and 
declared that it was here to stay. 



896 


ARCHIVES OF SURGERY 


Cotton, shortly afterward, introduced the impaction method of 

fractures and dislocations, published in 
1910, he stated (page 477, footnote) : 


believe the time is coming when it may seem wise, in these cases, perhaps in 
all unimpacted fractures of either neck or base of neck that are fit to etherize 
to produce impaction by driving home the trochanter (protected by felt of 
course) with a heavy mallet. I have done this in one case with admirable results. 


Fred H. Albee, in 1912 , introduced to this country the autogenous 
bone graft in the treatment of these fractures. Before describing 
this method, it may be better to take up again the early history of the 
employment of open operation. As has been noted, von Langenbeck, 
in 1858, was the first to attempt an operation, using a nail as the 
fixative agent. Then followed Koenig, in 1875, Trendelenburg, in 
1878, and Lister, in 1880, all of whom used the nail (fig. 23). Tren- 
delenburg and Koenig also advised suture of the bone with wire. 
Kocher in 1896 advised resection of the head of the femur. In 1897 



Fig. 21. — Longitudinal and lateral traction apparatus. This device includes 
a long wooden side splint, Buck’s extension for longitundinal traction and a thick 
broad cloth band around the upper part of the thigh for lateral traction by means 
of a weighted cord attached to the band passing over a pulley. (From Phillips.) 

Julius Nicolaysen reported on 13 cases of fresh fracture treated by 
means of a steel spike. He stated that when treated by this method 
the patient was immediately able to take up more comfortable posi- 
tions. His technic consisted of applying manual traction on the 
affected limb and driving a steel spike IS cm. long 5 cm. below the 
upper edge of the trochanter, so that the head of the spike remained 
outside the skin. A fenestrated plaster of paris spica was applied and 
maintained for eight to ten weeks. He did not allow weight bearing 
for ten or twelve weeks. 

Pierre Delbet was the first to use the metal screw (fig. 24). He 
introduced this method in 1907. Dujarier and Delbet made extensive 
use of it. A heavy wormed metal screw 7, 8 or 9 cm. long and 6 cm. 
thick was employed. The screw was only partly wormed, so that an 
intimate opposition could be established. The screw was inserted 
about 1.5 cm. below the crista trochanterica. He placed 15 to 20 
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pounds (6.S to 9.1 Kg.) of weight traction on both feet for a few 
days. Later he applied a walking splint for about four weeks. 

While up to this time physicians performing internal fixation 
utilized metal as the fixative agent, F. Faltin stated that Hahn in 
1909 was the first to use the bone peg from a tibial graft instead of 
the metal spike or screw. Borelius in 1911, reported a case of pegging. 




Fig. 22. — Whitman’s method. Abduction in a plaster of paris hip spica bandage. 
(From Whitman.) 

Fred H. Albee, of New York, employed the autogenous bone peg 
as the fixative agent for the first time, in 1912. Albee stated that the 
surgeon has the following obstacles to contend with in cases of this 
fracture, namely: (1) the mechanical disadvantage of not having 
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end to end stress as with other fractures j (2) deficient osteogenesis 
due to the presence of little or no periosteum and to a poor blood 
supply; (3) the intracapsular nature of the fracture and the possible 
detrimental effects of the synovial fluid present; (4) the interposition 
of soft parts, and (5) the relatively small diameter of the neck of the 
femur. 

He therefore offered the autogenous bone peg as his method of 
treatment to overcome these obstacles. He stated: 





A strong autogenous bone peg accurately fitted into a hole drilled longi- 
tudinally through the neck of the femur, with the fragments in good position, 
offers unquestionably, the most ideal condition for the rapid and satisfactory 
union, in good position, of this difficult fracture. 

The following is the technic he uses (fig. 25) : 

1. The patient is placed on the Albee table. 

2. A curved incision is made, beginning a fingerbreadth inside of 
the anterior superior spine and cun'ed downward 3 to 5 inches 
(7 to 12.5 cm.) along the inner border of the sartorius. 
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3. The muscles are retracted ; the point of fracture is exposed, 
and the interposed soft tissue, if any, is cleared from between the frac- 
tured ends, which are curetted and (if the fracture is old) freshened. 

4. The limb is placed in abduction and traction. 

5. A lateral incision is made over and below the greater trochanter, 
which is exposed. 



Fig. 23. — Two plain twclvepenny nails such as were formerly used in open 
operation for nailing the fragments together. (From Speed.) 



Fig. 24. — Delbet screw. (From Bassett.) 


6. With a motor drill a hole ^ inch (0.9 cm.) in diameter is made. 

7. A tibial graft which has been shaped into a peg by a dowel 
shaper is inserted into the drill hole and driven home. 

8. The wounds are closed. 
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9 . The limb is placed in the Whitman abduction plaster of paris 
spica extending from the toes to the midthoracic region. 

10. Windows are cut in the plaster three weeks after the operation, 

and the wounds are dressed. ' ■ 

11. The long plaster spica bandage is kept on for six- weeks and 
a short one for six additional weeks. 

A graft from the fibula instead of the tibia was used as the bone 
peg for the first time b}' Delbet in 1911. 



Fig. 25.— Use of the autogenous bone peg as the fi.xative agent. (From Albee.) 
AB and CD represent cutaneous incisions. 

Ellis Jones in 1932 reported his experience with trochanteric 

transplantation of autogenous bone (fig. 26). ' . . , 

The advantages of the fibular bone graft over the tibial peg as 

claimed by Davison are : 

1 It is the size of the bone adapted to the purpose. 

2. The requisite lengtli is easily obtainable. 

3. It is irregularly round and will not rotate like a dowelled peg. 
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4. It is a tube of compact bone which is mechanically stronger than the 
same amount of compact bone in a solid piece. 

5. It presents a continuous circular surface of the cambrium layer to the 
host bone for grafting and to simulate osteogenesis . in and around the 
defect. 

The operation is briefly described as follows: 

With the patient on the Hawley table, an anterior incision, begin- 
ning a little below the anterior superior iliac spine and extending 
downward, is made, and the site of fracture is exposed. A second 
incision is made along the outer asi>ect of the thigh, exposing the 
greater trochanter. At an angle of about 45 degrees with the shaft 
of the femur an opening is made through the cortex with a gouge or 
electric drill. A canal is made, slightly smaller than the size of the 
fibular graft (a segment of the lower part of the fibula), and the graft 
is then driven home. A plaster of paris hip spica bandage is applied 
from the toes of the affected side to the axilla, including the opposite 
thigh. This is kept on for eight weeks, with the affected limb in 
extreme abduction, extreme external rotation and slight flexion at 
the thigh. Immobilization is maintained for eight weeks. 

In the book “Autoplastic Bone Surgery” by Davison and Smith, 
published in 1916, there is a description of 3 cases in which this 
method was used. Mayo, Nordenbos and Kelvington have also used 
this method to a considerable extent. 

E. H. Bradford in 1919 presented a method of ambulatory treat- 
ment by application of an abduction traction splint. 

R. Hamilton Russell, of Melbourne, Australia, in 1924, reported 
a method of skin traction which he, had been using for several years 
in such cases. It consisted of adhesive plaster (fig. 27) applied to 
the leg of the affected side as for Buck’s extension, a sling made of 
toweling or felt in which the knee was placed and a system of pulleys 
so placed as to obtain a slight amount of flexion at the knee and yet 
effect traction. This is known as the Russell Traction. 

O. P. D. Wilkie, of Edinburgh, Scotland, in 1927, described a 
method of abduction and immobilization of both legs by means of 
plaster bandages (fig. 28) to the latter. Again, the utilization of the 
principle of well leg extension was applied in a new method. Flexible 
copper cuffs were incorporated in plaster boots to each leg, with the 
sound leg in internal rotation and both legs in 45 degrees. Then 
a brass abduction rod was attached to the jointed attachments on the 
copper cuffs. Later a window was cut in the plaster of the sound 
limb so that the latter might be taken out and e.xercised from time to 
time. 
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METHOD OF SMITH-PETERSEN 

An epoch-making era was ushered in, in 1925, when Smith- 
Petersen, of Boston, introduced his monumental contribution in this 
field. This consisted of an ingenious three-flanged nail which he used 



Pig. 26.— Trochanteric transplantation of autogenous bone. (From Ellis Jones.) 

for transfixation of such fractures. While in the past ttvo or thr 
decades the Whitman plaster spica method had held sway as t e m 
of choice, this new flanged nail pegging of the fractures has game 
and rapid popularity. 
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T!ie important feature of this operation lies in the shape of the 
nail. Its three flat blades are arranged cart wheel fashion and when 
inserted grip the bone firml}' so that the bone cannot rotate about the 
nails on its axis. This renders fixation and approximation of the frag- 
ments more satisfactory'. No postoperative agent of external fixation 



Fig. 28. — Abduction and immobilization of both legs. (From Wilkie.) 


is necessary, because of the strength and security provided by the 
metal (stainless steel) nail. Early activity is allowed, convalescence 
is rendered more comfortable and is greatly shortened. 

In November, 1931, Smith-Petersen, Cave and Van Gorder 
reported their description (figs. 29 and 30) of this operation. He 
made a curved incision along the crest of the ilium down the anterior 
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border of the tensor fasciae femoris, curving posteriorly across the 
insertion of this muscle into the iliotibial band in the subtrochanteric 
region. Then a musculoperiosteal flap was reflected from the dorsal 
aspect of the ilium, and the capsule of the hip joint was exposed. 
The fracture was reduced (after incision of the capsule) by internal 
rotation, extension and abduction of the limb. A point on the lateral 
aspect of the greater trochanter just below the attachment of the 
gluteus medius and the gluteus minimus muscles was located. About 
1 inch (2.5 cm.) below this point, a starter the shape of the three- 
flanged nail, although heavier and stronger, was inserted with a mallet 
until the cortex was traversed. The starter was removed and the 



j z ^ S c, 7 
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Fig. 29.— Instruments used for Smith-Petersen's operation: (1) impactor, 
(2) spatula, (3) nail-set, (4) starter, (5) nail-set, (6) spatula, (7) distractor, 
(8) obstetric forceps, (9) nail extractor, (10) flexible steel measure, and (H) 
three-flanged nail. (From Smith-Petersen, Cave and Vangorder.) 

nail was introduced and tapped with a mallet until the head of fte 
bone was pierced. At this point, the impactor, an instrument which 
impacts the two fragments by means of blows from a mallet, was 
used. (This instrument also assists in the progress of the nail mto 
the head fragment.) The wound was closed in layers. 

The postoperative management consisted of traction of 5 poun s 
(2.3 Kg.) for about three or four weeks. At the end of this time a 
bivalved short plaster spica in 10 or 15 degrees of abduction was use 
for walking only. [Note.— Ko external fixative agent is used at present.) 
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Weight bearing was allowed three to five weeks after the operation. 
Support in a plaster or jointed leather spica was used for from three 
to six months. 

The results obtained in 20 cases reported by the author of this 
method showed osseous union in 15 cases, or 75 per cent; nonunion 
in 3 cases, or 15 per cent, and death from sepsis in 2, or 10 per cent. 



Fig. 30. — Preoperative roentgenograms and roentgenograms taken four and six 
•weeks after operation. (From Smith-Petersen, Cave and Vangorder.) 


He concluded that in the treatment of joint fractures, anatomic 
reduction and early function are the two outstanding principles. 

In a later paper on this subject, which Smith-Petersen presented in 
October 1936, he described several modifications that he had employed 
in his more recent cases. Instead of the “open” method of operation 
which he used at first, whereby the hip joint was fully exposed, a 
formidable procedure to be sure, he had taken up the Wescott “blind- 
nailing” extra-articular method, which will be described later. He 
also had substituted the Wescott modification of the Smith-Petersen 
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nail, made of one piece of metal, for the type of nail previously 
used, which was made up of a headpiece welded on the shaft. The 
Leadbetter method of reduction, i. e., of flexion of the thigh, traction 
in the axis of the thigh and internal rotation, extension and abduction 
of the leg, had replaced the Whitman method, which he formerly 
employed. 

Up to the time of publication of the second paper he had treated 
only 20 fractures by this new method and felt that the number of 



Petersen. 


ises as well as the lime of observation MS not 
m to give a correct analysis of end results o^ ^ ^ , 1 ,^ game 

Sven Johansson, of Goteborg, Sweden, m 1932 “f 
ethod a Smlth-Petersen except that he ^ J operation 

-pe of operation (fig. 32). Instead of an extens.re open 
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necessitating opening of the hip joint, Johansson inserted the nail 
“blindly” through a small lateral longitudinal incision over the greater 
trochanter ; utilizing a Kirschner wire already inserted into the head 
and neck, he threaded the wire through a central canal in the nail as a 
guide. 

Jerusalem, of Vienna, Austria, employed Johansson’s method, using 
a nail with a hole bored through the head instead of a canalized one. 

Wescott, of Roanoke, Va., in July 1932, reported a method (fig. 33) 
whereby he inserts the Smith-Petersen nail by the “blind” or extra- 
articular method. First he determines the angle of anteversion of the 
forward angle of the neck of the femur with the shaft by means of a 
roentgenogram. Then the length of the nail to be used is calculated by 
taking a roentgenogram of the normal hip with the leg in about 20 
degrees internal rotation and a measuring rod strapped with adhesive 
tape to the trochanter. From the film the length of the neck is com- 
pared with the marks on the measuring rod, and thus the length of 
the nail is estimated. Also the angle of the nail with the shaft is 
determined. 

Next the patient is anesthetized, and the fracthre is reduced by 
flexing the thigh and exerting traction in the line of the thigh. Internal 
rotation is then performed. Abduction is not necessary, according to 
Wescott, because of danger of producing a valgus deformity. The 
assistant maintains the leg in internal rotation. Roentgenograms are 
taken to determine proper reduction. 

A lateral incision of 2)4 to 3 inches (6.2 to 7.5 cm.) is made over 
and below the greater trochanter. One-half inch (1.2 cm.) below the 
“vasternus line” narrow slits are made with an osteotome to receive 
the blades of the nail. The protractor is placed on the shaft of the 
femur with the lever placed on the angle already figured out. The 
nail is inserted and driven into the neck. The fracture is then impacted 
with an impactor. The wound is closed. Roentgenograms may be 
taken if it is desired to follow the course of the nail. 

The patient is allowed in a wheel chair in from twenty-four to forty- 
eight hours and on crutches after a few days. 

The nail fixation method has been also adopted by King, of Aus- 
tralia. He follows the Johansson method. The new Hawley table 
with the shock-proof fluoroscope and x-ray attachments is used as an 
aid in following the progress of the nail. 

O’Meara, of Worcester, Mass., has used Wescott’s method since 
1933. 

Roger Anderson, of Seattle, in 1932, revived the method (fig. 34 
and 35) of utilization of well leg extension. The Briininghausen, Gib- 
son, and Hagedorn splints, and the Wilkie apparatus as previously 
described, employed the same principle of well leg extension, with the - 
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exception that Anderson used skeletal traction on the injured limb, 
which traction was not used in the others. Briininghausen also was 
among the first, if not the first, to obtain counterextension by means 
of well leg extension. In fact, Anderson stated in his article “that 
ancient history records the army mode of handling broken legs by 
pulling the injured leg to its normal length and bandaging it to the 



Fig. 32. — A, insertion of a Kirschner guide wire, followed by insertion of the 
Smith- Petersen nail; E, apparatus for accurate insertion of the Kirschner wire. 
(From Johansson.) 


opposite or well leg in attempt to keep reduction and immobilization. 
He stated that C. K. Coonse and Carl P. Jones have also used the 
sound leg for both immobilization and countertraction. 


The principle of Anderson’s method is as follows : 

If reduction of the fracture is made by traction in a parallel position 
sound leg and the well leg is maintained in a counter-extension, the x-ray 


to the 
shows 
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Fig. 33. — “Blind” or extra-articular insertion of the Smith-Petersen nail. 
(From Wescott.) 



Fig. 34. — Splint providing skeletal traction on the injured limb. (From 
Anderson.) 



Outlin* of 
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that the traction forces the acetabulum down on the injured side, while 
counter-traction forces the well acetabulum up, thereby changing the angle of 
the transpelvic line with the axis of the injured leg, from an acute to an obtuse 
angle. This in turn forces the angle of the neck with the shaft of the injured 
femur into the normal position of 13S degrees. 

The apparatus consists of a counter-traction portion and a traction portion. 
The former consists of a frame to which is attached a thin flexible counter-trac- 
tion stirrup, with removable base to be molded later to the cast of the well leg. 

A transverse lever which connects this counter-traction side to the traction 
part is pivoted to this frame, the axis of which is about six inches distal to 
the sole of the well foot. On a threaded traction rod whicli is joined to this end 
of the lever is a nut to furnish traction force, and a coiled spring to ensure 
a smooth, flexible, yet constant traction. 

The traction portion of the splint is made up of a stirrup, with perforated sides 
for the insertion of the pin, and is connected to the lower arm by the traction 
rod, through the center of which at its proximal end is the rotation adjustment 
witli its lock nut for internal and external stability. 

The cause of nonunion of such fractures has been variously stated, 
interference with the circulation and improper immobilization having 
been prominently mentioned. It has been stated that with fractures 
of the neck of the femur (“intracapsular”) the blood supply to the 
head portion is cut off because of the interruption of the nutrient artery 
from the distal portion of the neck and the capsular and periosteal 
arteries ; also that arteriosclerosis causes an occlusion of the artery that 
courses through the ligamentum teres; this is a common observation 
post mortem. Therefore, Bozsaxi in 1932 attempted to remedy this 
situation by drilling holes through the trochanter and neck into the 
head fragment to establish circulation and promote osseous union. He 
reported 2 cases in which this method was used with good results. 

The position of the leg both in the reduction of the fracture and in 
the maintenance of immobilization has long been the subject of con- 
siderable interest and attention. Hippocrates preferred to have frac- 
tures of the femur in extension; Rhages (850-932), on the other hand, 
of all the ancients was the only one to recommend the thigh to be laid 
“in a somewhat bent position.” While it is not known whether 
the ancients were aware of the existence of fractures of the neck of the 
femur, still this shows that authorities differed in opinion as to the 
position of the limb in the presence of fractures of the leg, and this 
trend has continued up to the present day. Desault, Boyer, Hagedorn, 
Thomas, Ridlon, Liston and Whitman emphasized straight leg traction 
employed for either reduction or immobilization for fractures of the 
neck of the femur ; Pott, Dupuytren, Cooper, Earle, Hodgen, N. R. 
Smith, Maxwell, Ruth, Russell, Leadbetter and Gaenslen, on the other 
hand, preferred a position varying from semiflexion to flexion of the 
hip and knee, with or without traction. 
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Leadbettcr in 1933 devised a method of reduction of this fracture, 
which is known as the “Leadbetter method.” Manipulation consists of 
flexion at the hip at 90 degrees with the thigh flexed at the knees at 90 
degrees with the lower part of the leg. Manual traction is exerted in 
the axis of the flexed thigh, with slight abduction of the femoral shaft. 
The leg is then slowly circumducted into abduction, internal rotation 
and extension. The heel is allowed to rest in the palm of the examiner’s 
hand to see if eversion of the foot takes place. If the neutral position 
of the foot is maintained with this test, reduction is then considered 
successful ; this is known as the “heel-palm test.” Then the limb is 
placed in a plaster of paris body spica bandage, with little padding. 
This method of reduction is becoming very popular. 

Laurence Jones, of Kansas City, Mo., devised a closed double 
screw method for reduction and fixation of the fracture (fig. 36). He 



Fig. 36. — Closed double screw method for reduction and fixation of the 
fracture. (From Laurence Jones.) 


reported this method in the Annals of Surgery in February 1933. The 
double screw consists of a proximal portion, a burr, a shaft with a 
square end for a socket wrench, and a traction cap with a groove for 
a screwdriver. 


The procedure is as follows : 

1. Measurement and localization of the fragments are done by means 


of roentgen examination. 

2. Two Kirschner wires are inserted through the neck and head o 
the greater trochanter as guides and to keep the head fragment rom 

rotating. . _ / 1 ' m ) 

3 Plaster boots extending from the toes to 6 inches (L3 c ^ 

above the knee are made preoperatively to prevent turning an 

extension straps are placed over these, and the legs are mam 
the Whitman position. 
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Fig. 37. — Insertion of rustless steel fixation spikes into the fragments. (From 
Gaenslen.) 
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4. Local or general anesthesia is employed. 

5. A 2 inch trochanteric incision is made. 

6. Kirschner wires are inserted. 

7. Anteroposterior and lateral roentgenograms are taken to deter- 
mine the position of the wires. 

8. A drill hole is made between the wires, and the proximal portion 
of the screw is inserted with a socket wrench. 

9. The distal or traction cap of the screw is threaded on the shaft 
of the proximal part and tightened with a screwdriver. The fragments 
are impacted with an impactor. A few more turns with the screw- 
driver are taken. 



Fig. 38.— Fixation by means of several Kirschner wires. (From Telson an 
Ransohoff.) Picture on left, before reduction; picture on right, after first re uc loi 

and wiring. 


10. No plaster bandage is applied, but a light pelvic brace is used. 

Baking and massage are instituted. _ 

Earl D. McBride has adopted the use of the Whitman shot p 
with a Kirschner wire through the femoral condyles, e 

the plaster to give fixed countertraction. He describe ns .me 
1933. Since then C. Percival Mills, of England, has described a 
method in the Jot.rnal of Bone and Joint Snrgery of ^ 
stated that the advantages of this method are: (1) m 

the fracture and better control for the plaster of pans 
greater comfort than is provided by the long spica, an ( 

of the knee and the ankle. _ . . in 

McBride has also used the Russell traction pnnc p 

winch confinement in plaster is not suitable. 
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Melvin Henderson, of the Mayo Clinic, in 1934 employed the blind 
nailing method, using the Kirschner wire as a guide. This procedure 
is similar to the method of Sven Johansson, as previously described, 
although it was devised independent!}' and without knowledge of the 
existence of Johansson’s method. 



Fig. 39. — Method of taking lateral roentgenograms. A cassette is placed 
parallel with the longitudinal plane of the shaft of the femur. (From Johnson.) 


Gaenslen in 1934 conceived the idea of inserting rustless steel fixation 
spikes, %2 of an inch (0.3 cm.) in thickness, into the fragments sub- 
cutaneously at slight angles to one another (fig. 37). This is done 
with the affected leg abducted, at the level of the table, and internally 
rotated 10 to 15 degrees. Reduction of the fracture is obtained by 
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exertion of traction in the axis of the thigh, which is flexed at 90 
degrees at the hip and knee. Then lateral pressure is applied over the 
trochanter and the leg is ahducted to lock the fragments. Roentgeno- 
grams, anteroposterior and lateral, are taken. The spikes ai'e introduced 
with the aid of hatpins around the greater trochanter for localization 
of the latter. Two Kischner wires are drawn through the fragments 
to steady them. 

Posterior plaster shells to both legs, previously prepared, are utilized 
to support the legs on pedestals while the anteroposterior and lateral 
roentgenograms are taken. 



Fig. 40. — Method of taking lateral roentgenograms, with use of a specially 
adapted curved cassette. (From George and Leonard.) 


Telson and Ransohoff (1932) likewise have utilized steel wires in 
their internal fixation operation (fig. 38). Kirschner wires are inserted 
subcutaneously at different angles. The point of entry and distance at 
which each wire is inserted are predetermined. The only apparatus 
used while the patient is in bed is a short posterior splint at the an ' e 
to prevent external rotation, especially for obese persons. The patient 
is allowed to sit in a wheel chair within a day or so. 

Carl P. Jones in 1932 introduced a Jones traction splint as an aid 
to extension of the affected limb. Plaster of paris boots are apphea 
to both legs, and the traction splint is incorporated in these boots. 
the traction lever is turned until the desired effect is produced. 
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the author’s claim that there is 20 pounds (9 Kg.) of pull on the trac- 
tion apparatus per inch (1.9 cm.). 

In March 1936 Snodgrass proposed a treatment based on the 
anatomic factors involved in this fracture. The principle that he 
advised was adduction and external rotation of the limb, maintained 



Fig. 41. — Another method of obtaining lateral roentgenograms. “Without 
moving the patient, it is possible to slip a plate under the buttocks and to obtain 
a lateral view of the affected hip.” (Gaenslen.) 


by a plaster spica. He reduced the fracture by traction, external rota- 
tion and anterior lifting of the thigh. He stated that after the frac- 
ture was reduced, the fascia lata, being placed on a tension by the 
adduction position of the limb, forcibly maintained impaction of the 
fragments by exerting constant pressure on the greater trochanter. 
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ROLE OF ROENTGEN RAYS 

The advances made in the field of roentgenology have played an 
important part in the forward progress of the care of the “broken hip.” 

Tribute must be paid to Roentgen, who in 1895 introduced to the 
medical world the successful use of the x-ray apparatus. Added 
impetus was given by this new aid in the proper handling of these 
fractures. 

At first the simple anteroposterior view, was used exclusively. Of 
late years, however, the lateral roentgenogram has come into great 
vogue. This is largely because in many cases, although the antero- 
posterior film shows an apparently satisfactory apposition of the frag- 
ments, the lateral view shows a displacement, such as an open V 
anteriorly or posteriorly, or an end to side approximation ; i. e., the 
fractured surface of the head fragment may lie against the posterior 
surface of the neck fragment, or vice versa. 

In 1932 Clayton Johnson and George and Leonard at about the 
same time developed a technic for taking lateral views. They attained 
the same end in a different manner. Clayton Johnson placed a cassette 
(fig, 39) parallel with the longitudinal plane of the shaft of the femur, 
and the central rays projected from a point over the opposite thigh 
toward the afifected hip joint at an angle of 25 degrees with the trans- 
verse plane of the femoral shaft. George and Leonard on the other 
hand (fig. 40), utilized a specially adapted curved cassette placed in 
the crotch, the central rays emanating from a point just to the side 
of the patient’s head and directed toward the affected hip and cassette. 

Gaenslen and O’Meara also contrived methods of their own (fig. 41) 
for obtaining lateral views. 


SUMMARY 


In this historical survey I have tried to trace the various methods 
employed in the treatment of transcervical fractures of the neck of the 
femur from the time of Ambroise Pare (1510-1590) to the present time. 
I have observed that the ancients (Hippocrates, Celsus, Galen, Avicenna 
and others) left no evidence of their knowledge of the existence of 
such a fracture. In his account Ambroise Pare brought attention to 
this fact very clearly. He pointed out how, in all probability, as he 
himself had been guilty of doing previously, physicians had wrongly 
diagnosed all such fractures and had treated them as dislocations of 


the hip. 

If Ambroise Pare is to be accepted, then, as the first to recognize 
and distinguish fracture of the neck of the femur as a distinct surgica 
entity, the honor and credit of being the pioneer in the handling of this 
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most perplexing of fractures are due him. His attempt to treat the 
condition was crude and inefficient, consisting simply of applying splints 
and compresses with g. hip spica bandage over them and about the 
affected hip joint. His aim, of course, was to maintain the fragments 
in place and immobilize the hip joint as much as possible. 

It has been observed how the various fundamental principles in the 
treatment of fractures were applied; how new, specially adapted ones 
were discovered ; how old ones were revived or modified, and how com- 
binations of them were utilized. It is noted how one by one they were 
discarded, either because of ultimate failure or because of the suffering 
and discomfort experienced by the patient. 

In reviewing the various methods, it is noted that many of them 
can be classified, e. g., splint immobilization, extension-counterextension, 
positions of semiflexion, abduction-internal rotation or adduction. 

The following outline is an attempt to group these methods: 

METHODS OF TREATMENT AND PRINCIPLES INVOLVED 

I. Splints 

1. Short splints maintained in place by a spica inguinalis bandage 
(Ambroise Pare, lSlO-1590) 

. 2. Desault splint-permanent extension 

3. Thomas-Ridlon (1888), posterior hip brace 

4. Bradford (1918) ambulatory abduction splint 

II. Extension-counterextension methods 

1. Girt of Fabricius Hildanus (1537-1619) 

2. Jean-Louis Petit (1679-1750) extension-counterextension 

3. Thomas ring splint with Buck’s extension (1888) 

4. Liston splint and Buck’s extension 

5. Well leg extension principle 

(а) Briininghausen? 

(б) Gibson-Hagedorn Modification of Briininghausen’s method 
(1860) 

(c) Wilkie splint (1927) 

id) Roger Anderson splint (1931) 

(c) Jones traction splint (1932) 

III. Semiflexion position with or without traction 

1. Pott (1713-1788) Semiflexion position and no traction 

2. Double inclined plane; no. traction 

(White, of Manchester, England, is said by Astley Cooper to 
have first advocated this.) 

3. Sir Astley Cooper’s method (1768-1841)— simply a pillow under 
the knee 

4. Earle’s bed (1828) principle of double inclined plane 

5. N. R. Smith (1867) suspension splint 

6. Russell traction (1924) 
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IV. Principle of flexion at hip and knee 

A. Applied in Reduction 

1. Dupuytren (1777-1835) 

2. Scudder 

3. Ruth (1891) 

4. Moore ( 1912 ) 

5 . Leadbetter (1933) 

6. Gaenslen (1932) 

B. Applied in Fixation 

1. J. A. Moore (1912), plaster abduction and flexion at the hip 

2. Gaenslen (1934), plaster abduction and flexion at hip plus internal 
spike fixation 

V. Principle of abduction 

1. Whitman (1904) abduction by the plaster of pans spica method 

2. E. H. Bradford (1918) abduction with ambulatory splint 

3. Russell traction (1924) 

4. Leadbetter (1933) 

5. Wilkie (1927) 

6. Roger Anderson (1931) 

VI. Principle of adduction 

1. Snodgrass (1936) 

VII. Distention 

1. Gooch (P-1780) 

2. Aitken (P-1790) 

3. Earle D. McBride (1933) 

VIII. Lateral pressure on greater trochanter 

1. Pott 

2. Desault 

3. Senn (1889) 

4. Scudder (at' one time Scudder advocated Thomas-Ridlon splint 
with Senn’s lateral pressure) 

IX. Impaction 

1. Cotton (1910) 

2. Smith-Petersen (1925) 

X. Lateral and longitudinal traction 

1. Maxwell (1871) 

2. Ruth (1891) 

XL Multiple drill holes 
1. Bozsan (1932) 

XII. Dextrinized splint (hip spica bandage) 

1. Velpeau (1841) 

XIII. Plaster of paris bandage 

1. Senn (1889) 

2. Whitman (1902) 
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XIV. Internal fixation 

1. Metal nail 

(c) Von Langenbeck (1858) 
ib) Koenig (1875) 

(c) Trendelenburg (1878) 

(rf) Lister (1880) 

(e) Lemon (1913) 

(/) Smith-Petersen (1925) three-flanged nail 
{g) Wescott (1932) 

(Ji) Sven Johansson (1932) 

2. Wires 

(а) Gaenslen (1932) 

(&) Telson and Ransohoff (1932) 

3. Autogenous Bone Peg 

(o) Delbet (1911) fibular bone peg 

(б) Albee (1912) tibial bone peg 

(c) Ellis Jones dowel peg from greater trochanter 

4. Screws 

1. Delbet screw (1907) 

2. Laurence Jones closed double screw (1933) 

3. Myron Henry screw bolt (1934) 

XV. No treatment (except sandbags) 

CONCLUSION 

In review, it may be seen that the evolution of the treatment of this 
type of fracture has been slow and arduous. New principles or devices 
seldom have been successful. 

Improvements of any importance have been few and far between. 
It is only within the memory of many living surgeons, within the last 
thirty or forty years, that the greatest progress has been made in 
this field. 
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ARTERIAL OCCLUSION WITH ASEPTIC 
NECROSIS OF BONE 



EDWIN F. HIRSCH, M.D. 

CHICAGO 

An adequate blood supply is necessary for the nutrition of bone tissue. 
Complete interruption of the circulation causes infarction or aseptic 
necrosis.^ The extent of. such a circulatory disturbance determines the 
amount of necrosis in a bone, although impeded or interrupted circula- 
tion does not affect equally all bone tissue. According to Haslhofer,^ 
Axhausen and Bergmann ^ and Muller, ■ diminished blood supply causes 
necrosis of portions of the bone tissue while the marrow structures 
remain intact. The statements of these authors emphasized that bone 
as a tissue is readily damaged by obstruction of the circulation, a view 
in marked contrast with the older opinion that the great vascularity of 
bones precludes infarction. Burckhardt ® shared this view and con- 
cluded that excessive stress of the bands carrying the nutrient vessels 
to bones or a direct break in the continuity of the nutrient blood supply 
would cause a serious local injury of the bone. He observed the 
formation of new bone only when the marrow and periosteum were 
injured. Damage to the periosteum and marrow, he stated, constitutes a 
stimulus to regeneration rather than to necrosis of the ground sub- 
stance of the bone. The vessels supplying blood to the diaphyses of 
long bones are, according to Johnson,* in the order of their importance : 
(1) nutrient vessels piercing the cortex, which maintain the viability of 
the medulla and supply the inner half of the cortex; (2) metaphysial 

Aided by the Winfield Peck Memorial Fund. 

From the Henry Baird Favili Laboratory of St. Luke’s Hospital. 

Read before the Section on Pathology and Physiology at the Eighty-Ninth 
Annual Session of the American Medical Association, San Francisco, June IS, 1938. 

1. The comprehensive reviews by G. Kistler (Sequences of Experimental 
Infarction of the Femur in Rabbits, Arch. Surg. 29:589 [Oct.] 1934; Effects of 
Circulatory Disturbances on the Structure and Healing of Bone; Injuries of the 
Head of the Femur in Young Rabbits, ibid. 33:225 [Aug.] 1936) and those 
published more recently by L. Haslhofer (in Henke, F., and Lubarsch, .• 
Handbuch der speziellen pathologischen Anatomie und Histologic, Berlin, Ju lus 
Springer, 1937, vol. 9, pt. 3) and G. Axhausen and E. Bergmann (in Henlw, 
and Lubarsch, O. : Handbuch der speziellen pathologischen Anatomie und isto 
logic, Berlin, Julius Springer, 1937) contain most of the important literature 

references on this subject. 

2. Miiller, W, : Beitr. z. klin. Chir. 138:614, 1927. 

3 Burckhardt, H. : Beitr. z. klin. Chir. 138:625, 1927. 

4 . Johnson, R. W., Jr. : J. Bone & Joint Surg. 9:153, 1927. 
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vessels, which penetrate the cortex to supply the marrow and the inner 
half of the cortex, and (3) periosteal vessels, which nourish the outer 
half of the cortex and have a limited capacity as a source of collateral 
circulation. 

The fate of bone aseptically necrotic because of disturbances in 
circulation varies considerabl 3 \ According to Phemislcr,''’ when the 
necrotic bone is closely united with living bone, fibrous and osteogenic 
tissues grow from the living into the necrotic bone, and by creeping 
substitution the old bone is gradually absorbed and replaced by new 
bone. The degree of restitution, he stated, depends on several factors, 
such as functional stimulation, anatomic location and the quantity of 
contiguous living bone. To these should be added adequacy of the 
blood suppl}’^ and ability of the tissues to revascularize the dead por- 
tions. A comprehensive summar}^ by Rohde “ emphasized the impor- 
tance of the role of the vascular system in the entire process of bone 
regeneration. The intactness of the blood supply and the ability of 
the blood to react, he stated, determine regeneration. When the circula- 
tion is maintained, the fracture hyperemia persists sufficiently, and bone 
regeneration occurs from surviving osteoblasts. Damage of the blood 
supply by the initial injury or subsequently in the process of regenera- 
tion results in a growth of scar tissue at the expense of bone, from 
the constituents of the bone or from the surrounding tissues. Compli- 
cations of the restitution process develop when functional activity causes 
impression or compression fractures of the bone tissues affected and 
additional injury to the nutrient arteries or their intrinsic branches. 

Disturbances in nutrition are accepted generally as the cause of 
aseptic necrosis of bone. Various opinions have been expressed, how- 
ever, concerning the cause of such disturbances (except those produced 
by chemicals, by irradiation, or by some other obvious specific cause). 
In an argumentative analysis of the pathogenesis of nonspecific aseptic 
necrosis (spongiosa disease) of bone. Block ’’ concluded that vascular 
disturbances account for only a few lesions. More probably, he argued, 
the nutritional disturbances depend on colloidal and chemical alterations 
of the spongiosa, changes in the blood vessels being incidental. Block 
conceded that vascular occlusion would provide the simplest explanation 
for the nutritional disturbances but stated that he is unacquainted with 
evidence of occluded or narrowed blood vessels. Haslhofcr ^ regarded 
ischemia as the fundamental factor in causation of nonspecific aseptic 
necrosis of bones, but the cause of this vascular interference is not 
clear. He considered Axhausen’s theory of embolic infarction improba- 

5. Phemister, D. B.: J. Bone & Joint Surg. 12:769, 1930. 

6. Rohde. C. : Arch. f. klin. Chir. 123:530. 1923. 

7. Block, W. : Arch, f. Win. Chir. 174:172, 1933. 
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ble and supported the opinion of Kienbock, who concluded that nutrient 
vessels of bones are injured by trauma often considered insignificant 
by the patient. Cordes ® concluded that aseptic necrosis of the os 
lunatum of the wrist always is due to a fracture, the extent of necrosis 
being dependent on the severity of the injury. Legg-Perthes’ disease 
and aseptic necrosis of other bones, he stated, are caused by interrup- 
tion of the blood supply. There can be no sharp distinction between the 
two processes, for when fracture occurs, blood vessels are injured; and 
the extent of damage to them, as Rohde emphasized, determines largely 
the subsequent healing processes. Novotny ® considered circulatory dis- 
turbances the most important cause of aseptic necrosis of the metatarsal 
bones (Kohler’s disease). Such disturbances occur, he stated, when 
unusual movements or traumas injure the nutrient arteries carried in 
the collateral bands of the metatarsophalangeal joint and thus interrupt 
the blood supply to the head of the metatarsal bone. 

Although many authors accept disturbances in nutrition as funda- 
mental in aseptic necrosis of bones, the basic factors causing such a 
disturbance seem to have been postulated rather than subjected to study. 
Axhausen’s theory of embolic infarction is attractive, yet the demonstra- 
tion of such vascular occlusions in the human being has not been 
accomplished. Supporting evidence has been found, however, in experi- 
ments on animals.^ Block, conceding the simplicity of vascular occlu- 
sion as a cause for aseptic necrosis of bone, said that he was unacquainted 
with evidence of occluded or narrowed blood vessels. Perhaps oppor- 
tunities to study changes in nutrient arteries leading to regions of 
aseptically necrotic bone tissue have been disregarded or not fully 
utilized. Occlusions or constrictions of nutrient arteries associated with 
aseptic necrosis of bone tissues, however, are the main theme of this 
report. 

REPORT OF CASES 

Case 1. — A white man, aged 54, a crane operator, entered St. Luke’s Hospital 
on Nov. 26, 1937, because of pain and limited mobility of the left wrist. On 
August 7 he had fallen about 30 feet (9 meters) to the ground. Among other 
injuries was a fracture of the left wrist. After one week in a splint the left 
wrist was incised and a bone was removed. On November 27 pieces of articu ar 
cartilage and cancellous bone were removed through an incision of the old scar. 
The report on a roentgenogram taken on November 29 recorded the loss of 
of some of the small bones of the wrist and a dislocation of the semilunar one. 
This bone was removed by Dr. Hany E. Mock on December 7. It was 2.5 j em. 
across the convex articular surface and was 1.8 cm. thick. The cartilage o ic 
concave articular surface was glistening; that of the conve.x surface ha os 
smoothness, and the bone tissues beneath were friable. 

8, Cordes, E. : Beitr. z. klin. Chir. 149:28, 1930. 

9. Novotny, 0.: Arch. f. klin. Chir. 190:604, 1937. 
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The bone was fixed in Zenker’s solution, liemisected and embedded in pyroxylin. 
The sections, stained with hematoxylin and eosin, were examined for changes in the 
large nutrient arteries. A large nutrient artery in one block entered the bone 
tissues in a mass of edematous scar tissue. The original lumen (fig. 1 A) was 
reduced to a narrow slit by an intimal thickening of fibroblastic tissue containing a 



Fig. 1. — A, photomicrograph (X 88) illustrating the fibrous tissue thickening 
of the intima and obliteration of the lumen of a nutrient artery extending into the 
lunate bone (case 1). B, photomicrograph (X 88) of a branch of a nutrient 
artery with a thickened wall and a small lumen, embedded in fibrous tissues that 
have replaced portions of the bone (case 1). C, photomicrograph (X 88) of a 
nutrient artery extending into the lunate bone, illustrating the fibrous tissue thicken- 
ing of the wall and the greatly reduced lumen fcase 2'>. 
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few polymorphonuclear leukocytes. The walls of several small arterial branches 
at other levels in this fibrous tissue showed similar changes. The 
marrow fat was mixed with fibrous tissue. The articular cartilage was intact, 
but beneath it were broken fragments of necrotic bone trabeculae. There was no 
reactive bone tissue. The artery channels deep in the bone showed dilated lumens 
filled with blood cells. The marrow fat was extensively replaced by fibrous tissue. 

Case 2.— A white man aged 37, a laborer, entered St. Luke's Hospital on 
Dec. 7, 1937, because of pain and flexion immobility of the left wrist. On March 
13, his left hand, slipping on a pump handle, had been forced into sharp dorsal 
extension. Flexion of the wrist and the stress of a weight caused pain. Three 
weeks before his admission, a roentgen examination demonstrated a volar dis- 
location of the os lunatum. Dr. W. R. Cubbins explored the tissues on the day 
of the patient’s admission to the hospital and removed the dislocated bone because 
it could not be replaced. The convexly curved articular surface was 2.3 by 1.8 cm. 
The thickness of the bone was 1.7 cm. The cartilage of both articular surfaces had 
lost the usual gloss, and portions were roughened by fibrous tissue. 

The marrow fat was replaced by fibrous tissue. Large portions of the bone, 
cartilage and marrow tissue were necrotic. A large nutrient artery had thick 
fibrous walls and a compressed, narrow lumen (fig. 1 C), Arterial branches with 
constricted lumens were embedded in dense scar tissue. 


Case 3. — A white man aged 41 entered St. Luke’s Hospital on Jan. 18, 1937, 
because of a swollen, painful left wrist. On Oct. 7, 1936, a package of newspapers 
had been thrown to him, the impact hyperextending his left hand. The hand 
could be flexed but not extended at the wrist. Lateral flexion was slight; medial 
flexion was absent. Roentgen examination disclosed necrosis of part of the os 
navfculare. Dr. Charles Draeck Jr. removed the bone on January 8. It was 
irregular, 2.5 by 1.5 by 1.3 cm., with portions broken away. The broken surface, 
mainly on one end, was 1.5 by 1.2 cm. The surface of the articular cartilage was 
smooth and glistening. Two other pieces of bone were 1.2 by 1 by 0.8 cm. and 1 by 
0.8 by 0.6 cm. respectively. 

The articular cartilage had the usual structure. The bone tissue beneath 
showed no changes, except the portion which showed decreased density in the 
roentgenogram (fig. 2 A). This was necrotic. The narrow spaces along 
the margins of this region contained edematous fibrous and fatty tissue. Deep in the 
marrow tissue and extending toward the necrotic region was a large nutrient 
artery with thick, muscular walls. The lumen of this vessel (figs. 2B and 2C), 
traced in interrupted serial sections, contained a fibroblastic tissue thrombus that 
filled all but a narrow edge of the lumen. 


Case 4.— A white man aged 27 fell on his extended right hand on Dec. 1-, 
1933. His wrist became swollen and painful. Partial immobilization gave no 
relief. He continued to work, but with discomfort; at times, pain at night was 
sufficient to keep him awake. Flexion and extension of the right wrist were con- 
siderably restricted; pronation and supination, slightly. Roentgen films disclose 
fragmentation of the os lunatum. On Sept. 30, 1934, Dr. W. F. Lyon 
the lunate bone in several pieces. It wms misshapen; it measured 1.2 by 1 cm. a 
was 1.6 cm. thick. 

The concave articular surface had a narrow edge of hyaline cartilage, 
flattened convex edge was covered by dense fibrous tissue ; only a f 

of h^•aline cartilage remained. Dense fibrous tissue replacing There 

contained many broken and necrotic fragments of bone trabeculae (fig. - 
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was a slight reaction about some of the cartilage and bone fragments. The marrow 
spaces of the bone adjacent to the scarred portions contained edematous fibrous 
tissue or fibrous and fatty tissue. The nutrient arteries and their branches had 
small lumens and thick muscular and fibrous walls. 



Fig. 2. — A, roentgenogram of the excised os naviculare, illustrating the changes 
in osseous texture (case 3). B, photomicrograph (X S8) illustrating the organ- 
izing thrombus in a branch of a nutrient artery at the edge of the necrotic bone 
tissues (case 3). C, photomicrograph (X 88) of one of the interrupted serial 
sections, illustrating the occluding thrombus at a level where it contained erythro- 
cytes, leukocytes and organizing granulation tissue (case 3). D, photomicrograph 
(X 88) of a section of the os lunatura, illustrating the necrotic portions and the 
portions replaced by fibrous tissue (case 4). 
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excellent health until six months 
before his admission to St. Luke’s Hospital on March 31, 1937. At that time he 

after he had been kicked in this region. At the time of the presumed accident tS 



Fig. 3. — A, roentgenogram illustrating the thickening ol the cortex of the shaft 
of the femur (case 5). B, photomicrograph (X 124) illustrating the fibrous tissue 
invasion of the medullary tissues, arterioles with small lumens, and bone. Some 
necrotic trabeculae had new bone deposited along the margins (case 5). 

tissues were not discolored or painful. After three months he had sharp pains 
in the middle of the left thigh, which radiated to the ankle and at night were some- 
times severe enough to keep him awake. A slight limp developed. Roentgenograms 
(fig. 3 A) of the thigh disclosed thickening of the cortex above the middle oi 
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the femur. Some regarded this thickening to be due to low grade osteomyelitis 
or to a neoplastic growth. On April 1 Dr. W. R. Cubbins exposed the cortex of 
the femur opposite the junction of the upper and middle thirds of the bone. The 
surface was roughened and elevated for about 8 cm. by sclerotic bone. The bone 



Fig. 4 . — A and B, photomicrographs (X 103) illustrating the fibrous tissue 
thickening of the wall and collapse of the lumen of a nutrient artery' associated 
with the bone lesion (case 5). 


tissue was sclerotic and pale; the periosteum was intact and easily detached. 
After the thickened cortex had been removed, the marrow was found to be soft red 
tissue. Cultures of this tissue were sterile. The cortex of the medial side of 
the bone was pale and more dense than normal. 
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The marrow tissues removed contained necrotic bone trabeculae, some with 
margin layers of newly formed compact bone (fig. 3). The fat in the marrow 
spaces was replaced by fibrous tissue. Branches of the nutrient arteries had thick 
walls and small lumens. Some of the trabeculae of the cortex were necrotic, 



Fi- S.-A, photograph illustrating the uneven articular surface 
ated head of the femur (case 6). B, photograph of the ^ ‘{,<,nc 

he head of the femur. Note the deep crcv.gs 

case 6). C and D, photomicrographs (X 105) illustrating ,, 

issue thickenings of the nutrient arteries in the hgamentum teres ( 

ind the marrow spaces contained fibrous tissue. (.ntiatcd l>one 

‘:;^en from the margin of the bone. fi^^^^ •'> 

;allus. Embedded in scar tissue was a large nutrient arter. 

vail and a compressed, narrow lumen. 
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Case 6.— A white man aged 44 had pain in the left hip and knee intermittently 
for eleven months. He walked with a limp, favoring the left leg because of pain. 
There was no limitation in the motion of the left hip or knee. Extreme flexion or 
abduction of the left thigh caused pain in the hip joint and inner surface of the 
thigh. The Wassermann reaction of the blood serum was negative. Dr. E. L. 
Jenkinson noted in roentgen films taken Dec. 3, 1932, rarefaction of the head 
of the femur and depression of a portion of the upper and outer half. He con- 
sidered these portions of the bone necrotic. On December 14 Dr. Fremont A. 
Chandler exposed the left hip joint. He removed a dark red, swollen ligamentum 
teres, the head of the femur and a portion of the neck of the femur. Blood-stained 
fluids in the hip joint were sterile on culture. No further destruction of the 
proximal third of the femur was noted in a roentgenogram taken on July 12, 1933. 

The amputated head of the left femur (figs. 5 A and SB) was hemispherical 
and measured 5.5 cm. in diameter. The surface made by the amputation was 
slightly concave; the thickness was about 2 cm. The fovea, 1 cm. from one 
edge, was 1.7 by 1.4 cm. The articular cartilage around this was elevated slightly, 
and about four fifths was pale gray-yellow and slightly granular. The cartilage 
was compressible. The surface made by amputation of the femoral head had a 
zone of condensed spongiosa along the periphery, 1.5 cm. wide. The sclerosed bone 
near the center contained yellow fat mottled with chalklike deposits 1 mm. in 
diameter. A crevice 1 to 3 mm. deep extended diagonally across the bone beneath 
the yellow, discolored articular cartilage. 

The ligamentum teres, a pear-shaped mass of edematous fibrous tissue flattened 
on one side and rounded on the other, was 4 cm. long and 2.5 by 1.3 cm. at the 
broad end. The narrow end, measuring 0.7 by 0.4 cm., was attached to the fovea 
of the femur. A friable, necrotic region 1.5 by 0.8 by 0.8 cm. in the ligament was 
1.8 cm. from the attachment of the femur. Some of the remaining edematous 
tissue was hemorrhagic. 

A segment of bone 8 mm. thick, cut from the amputated head of the femur in 
a plane through the fovea capitis, was fixed in Zenker’s solution, decalcified and 
embedded in pyroxylin, and the sections were stained with hematoxylin and eosin. 
A broad piece of articular cartilage with attached necrotic bone formed the roof 
of the large crevice, 2 to 7 mm. wide. Laterally, where the crevice reached the 
cartilage there was only a narrow bridge of cartilage or fibrous tissue. The bone 
trabeculae about this crevice were necrotic. The marrow spaces contained granular 
tissue debris and small fragments of necrotic bone (bone dust). Distal to 
the crevice this necrotic bone tissue extended variably to a depth of 8 mm. 
It merged into bone with marrow spaces containing edematous, poorly cellular 
fibrous tissue alone or with fat. There were small focal infiltrations of plasma 
cells and lymphocytes, but no reactive bone tissue was observed. , The tissue of 
the ligamentum teres was edematous and hemorrhagic. Portions, as has been' stated, 
were necrotic. A fibroblastic tissue reaction with chronic inflammatory exudates, 
recent hemorrhages and edema were the essential changes. There were many 
large and small arteries. These had thick muscular and fibrous walls and small 
lumens (figs. 5C and 5D). 

Case 7. — A white man aged 33 had pain and stiffness of both hips, especially 
the left, for three years. The pain was accentuated in the morning and when lie 
walked. A waddling limp developed. This, associated wdth the pain, made walking 
difficult. The symptoms referable to the left hip were more marked than those 

10. The clinical and pathologic disorders of the patients in cases 6 and 7 were 
reported by Dr. Chandler (Wisconsin M. J. 35:585, 1936). 
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referable^ to the right. According to statements in the clinical record, this patient 
had carried heavy loads of meat on his shoulders. A diagnosis of aseptic necrosis 
of the head of each femur was made. Dr. Fremont A. Chandler reconstructed the 
left hip and removed the head of the femur on Dec. 26, 1934. 

The cone-shaped head of the femur (fig. 6 A and 6F), including a portion 
of the neck, was 6 by S.S cm. at the broken base and 5.5 cm. high. The articular 
surface was rough and extended to within 2.2 cm. of the broken surface at the 
base. This surface consisted of finely porous sclerosed bone. The irregular head 
was rounded abruptly at the tip. The fovea was an irregular depression 2 by 1.3 
cm. and 0.9 cm. deep. A lip of bone tissue 8 mm. wide and 9 mm. long extended 
from the upper edge. A narrow, rounded, slightly overhanging lip on the opposite 
edge extended 12 mm. The articular surfaces were uneven, and portions were 
covered by fibrous tissue. A mass of cartilage 3 by 5.5 cm. with an uneven surface 
and loosened from the bone tissues was about 2 cm. below the prominent 
overhanging lip of the fovea. The hyperemic ligamentum teres was 5 cm. long 
and had been avulsed from the fovea of the femur with a piece of cartilage and 
fibrous tissue 1 by 1 by 0.2 cm. The ligament at the foveal attachment was 1.2 
by 0.6 cm. and widened to 2 by 1.3 cm. at the acetabular end. The tissues were 
hemorrhagic. A “joint body” composed of two nodules held together closely was 
1.5 by 0.8 by 0.3 cm. 

The head of the femur was fixed in solution of formaldehyde, and two segments, 
each 7 mm. thick, were removed, one through the fovea and the other directly in 
front (fig. 6C). They were decalcified and embedded in pyroxylin, and the 
sections were stained with hematoxylin and eosin. The overhanging lip (fig. 6D) 
had a thin surface of articular cartilage and consisted mainly of bone trabeculae 
varying considerably in width. The small marrow spaces contained fat, alone or 
with fibrous tissue. Several pockets distributed in the peripheral portions of the 
head ranged to 1 cm. in diameter. They contained necrotic tissue debris and 
edematous fibrous or dense scar tissue. The bone trabeculae around these were 
not arranged regularly. Otherwise the structure of the bone varied mainly in 
density. Portions under the fovea and the displaced articular cartilage were 
conipact; those near the neck approached the structure of the usual spongiosa. At 
some levels the large lip of the fovea had a second layer of cartilage beneath a 
thin plate of bone near the surface. 

The ligamentum teres was sectioned at levels according to a sketch. It con- 
sisted mainly of fibrous tissue, dense near the center and less compact toward 
the periphery. There were a few' recent hemorrhages. The blood vessels had 
thick muscular and fibrous walls. The lumens were small, and some of the large 
arterial branches showed fibrous tissue thickening (fig. 6 E) of the intima, which 
reduced the lumens to small slits or crevices. 


Case 8 . — A white w'oman aged 55 had pain in the right hip and knee for eighteen 
months. Eighteen months before the onset of the pain she had fallen and was 
said to have fractured the neck of the right femur. She was able to move about 
w'ith crutches after seven W'eeks and without them after twelve weeks. The pam 
in the right hip was noted first in walking. It grew' worse until she walked with 
a marked limp and needed the support of a cane. She entered St. Luke’s Ho^psta 
with the diagnosis of aseptic necrosis of the head of the right femur and hjper- 
trophic arthritis of the peripheral portion of the hip joint. Dr. W- 
removed the head of the right femur (fig. 7 A and 7 B) on Oct. 2a, 
almost hemispherical piece of bone was 5.5 by 4.8 cm. across the broken su a ■ 
The maximum thickness eccentrically was 2.6 cm. The fovea, 2 by l.a cm., was 
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Fig. 6. — A, photograph illustrating the roughening of the articular surface of 
the head of the femur. Note the lip of bone tissue extending from the margin of 
the fovea (case 7). B, photograph of the bone surface made by amputating the 
head of the femur (case 7). C, surfaces made by sawing the head of the femur 
in front of the fovea, through the fovea and behind the fovea. Note the increased 
density of the spongiosa and the crevices filled with edematous fibrous tissue 
(case 7). D, photomicrograph of a section through the fovea, illustrating the 
changes in the bone structure (case 7). E, photomicrograph illustrating the fibrous 
tissue thickening of the intima and reduction in the lumen of nutrient arteries in 
the ligamentum teres (case 7). 
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Fiff. 7.— A, photograph of the amputated head of the femur with the attaclieci 
ligamentum teres. Note the uneven articular surface (case 8). D ’ 

the surface made by amputating the head of the femur. Note the crewc. and 
growths of fibrous tissues in the bone (case 8). C. photomicrograp ‘ , 

through the fovea. To the left in the illustration is a crevice. The artici 
cartihge has some attached necrotic bone. Beneath the 
Knnp tissues and marrow spaces with “bone dust. On the right s r 
tration is a plate of restored bone, beneath which are other necrotic 
n Photomicrograph illustrating the fibrous tissue thickening 
the reduced lumens of nutrient arteries in the ligamentum teres ( . - 
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this portion of the articular surface. The ligamentum teres tissue attached to the 
fovea was 3.5 cm. long. At the fovea this edematous fibrous fat tissue was 
8 mm. in diameter, at the other end 12 by 16 mm. The bone tissue in the surface 
made by amputating the femoral head was interrupted by several edematous bands 
of fibrous tissue 2 to 3 mm. wide, extending from the margins toward the center, 
more on one side than on the other. The bone tissue was sclerosed spongiosa. The 
surface of the articular cartilage was wrinkled. Several places were indented, and 
at least a half was loosely attached to the underlying bone. About a dozen 
irregular pieces of cortical and cancellous bone, some with wrinkled articular 
cartilage, formed a mass 5 by 4 by 3 cm. 

Histologic preparations of a segment of bone 6 mm. thick cut from the center 
of the head through the fovea were prepared. The articular cartilage, with some 
bone, was detached from the margin to near the fovea, leaving a crevice (fig..7 C). 
The spongiosa beneath the crevice to the surface made by amputation was necrotic. 
The marrow spaces contained granular tissue debris and small fragments of 
necrotic trabeculae (bone dust). Beneath the fovea and extending to the opposite 
edge was a layer of bone 5 mm. thick, to which the articular cartilage was 
adherent. Beneath this layer of bone was a zone of compact and edematous 
fibrous tissue 5 mm. wide. This decreased in amount on both sides in the planes 
examined and toward the neck of the femur extended into necrotic bone. Many 
of the marrow spaces between this layer and the plane of the amputation contained 
granular tissue debris'. There was no bone callus tfssue except around the plate of 
bone directly beneath the fovea. The deeper portions of this plate were dense like 
cortical bone. The tissue of the ligamentum teres was sectioned for histologic 
examination at four levels, according to a sketch. In these levels the central 
portions were dense fibrous tissue; the peripheral portions were edematous con- 
nective tissue. Many arterial branches (fig. ID) in this fibrous tissue had lumens 
reduced to small channels by concentric and eccentric fibrous tissue thickening 
of the intima. 

Case 9. — A white woman aged 33 had a constant ache or sharp pain in the left hip 
for twenty-one years. At the age of 15 years she had noticed a slight limp, which 
increased with her first pregnancy, at the age of 23. During childbirth and for 
two or three weeks thereafter the left hip was painful. With each of the suc- 
ceeding three pregnancies the pain recurred, and after the last, at the age of 27 
years, it became persistent. Six months before her admission to St. Luke’s Hos- 
pital the pain became severe, and she walked with a noticeable limp. Dr. E. W. 
Ryerson on March 15, 1932, exposed the left hip joint and found a flattened femoral 
head with a thin piece of loosened articular cartilage and bone about 2.5 cm. in 
diameter on the superior surface. Bone tissue to a depth of about 2 cm. was 
removed. The diameter of the head was 6.5 cm. Near the center of the roughened 
articular surface was a rectangular piece of cartilage and bone 3.7 by 2.5 cm. by 6 
mm. thick, hinged along one edge, raised slightly and loosely adherent to the bone 
tissues beneath. The surface made by the amputation was finelj’- and coarsely 
porous sclerosed spongiosa. An irregular pocket near the center of this surface, 
2.5 b}' 1 cm., contained loosely adherent, edematous connective tissue. The lining 
surfaces of the crevice were smooth sclerosed bone. The adjacent spongiosa also 
was dense. Tissues of the ligamentum teres were not submitted for histologic 
examination. 

The hyaline articular cartilage was directly continuous with broad and narrow 
compact bone trabeculae. The large crevice in the bone extended at one place to 
near the articular cartilage. The lining of the crevice was a thin plate of compact 
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bone. The crevice was filled with edematous fibrillar connective tissue in which 
were a few medium-sized and small branches of nutrient arteries with narrow 
lumens. Concentric layers of coarse connective tissue fibers encircled these arteries 
(fig. BA), and outer portions of the walls of some of the larger showed fibrinoid 
degeneration. One of the latter was reduced to only a few smooth muscle cells 
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embedded in fibrous tissue and having a capillary-like lumen (fig. 85). Small, 
narrow spaces immediately adjacent to the crevice contained mixtures of edematous 
fibrous and fatty tissues and small exudations of lymphocytes and plasma cells. 

Case 10. — A white man eged 64 was admitted to St. Luke’s Hospital on Jan. 3, 
1938, to the service of Dr. E. W. Ryerson, because of pain in the left hip for 
two years. About seven years before admission he fell from a ladder- and 
fractured the proximal third of the neck of the left femur. The fracture seemed 
to have healed in about six months, with excellent restoration of function. The 
patient had pushed a cart on the streets until about four months before entering 
the hospital. Then the pain in the left hip had become marked, and he had a 
sensation of looseness in the joint. Roentgenograms disclosed flattening of the 
head of the femur and an increase of the angle caused by the old fracture of the 
femoral neck. Portions of the bone tissue were rarefied; other portions had 
increased density. 

On January 6 Dr. E. W. Ryerson removed the head and portions of the neck 
of the left femur. The cone-shaped capital segment was 3.2 cm. thick, and the sur- 
face made by amputation was 6 by 5.S cm. The fovea, lying eccentrically in the 
apex, was 2 by 1.5 cm. Edematous fibrous tissues of the ligament, l.S by 1.3 by 
0.3 cm., were attached. The articular cartilage surfaces were uneven, and portions 
were loosened from the bone beneath. In some places the bone reached to the 
surface. The surface made by amputation contained broken cancellous bone tissue, 
some portions hyperemic, others yellow with fat. There were nine other pieces 
of bone, some from the head and others from the neck of the femur. The largest, 
with a convexly curved cartilage surface, was 5.S by 2.5 by 2.5 cm. A crevice 
2 by 1 cm. in the broken bone surface was filled with fibrous tissue. 

A piece of bone 5 mm. wide was cut from the head of the femur in a plane 
through the fovea. Beneath the hyaline articular cartilage was a crevice filled 
with bone detritus and granular material. The bone tissues adherent to the cartilage 
had broad and narrow trabeculae. The marrow spaces near the cartilage con- 
tained fibrous tissue or fibrous and fatty tissue. Toward the crevice some of the 
fibrous tissue was necrotic. The • edematous fibrous tissue attached to the fovea 
had nutrient arteries with muscular hypertrophy and fibrous thickenings of their 
walls. The lumens were narrow. The divisions of these vessels had small chan- 
nels. A large nutrient artery deep in the bone (fig. 8 C) had a thick fibrous wall, 
and along the lining was a mural mass of red blood cells and fibrin. 

COMMENT 

Constriction and occlusion of nutrient arteries or of their intrinsic 
divisions by fibroblastic tissue have an important causal relation to 
aseptic necrosis of bone. In many of the cases herein described the 
constriction or occlusion was the result of trauma. Whether the nar- 
rowed channels and the fibrous tissue-thickened arterial walls are the 
loci of the injury or represent changes following an occlusion more 
proximal in the artery cannot be determined from the histologic prepara- 
tions. Such vascular lesions, however, affect the nutrition of the bone 
tissues into which the vessels originally extended. 

The extent of bone infarction caused b}^ traumatic occlusion of the 
nutrient arteries or of their intrinsic branches is determined by the 
amount of vascular damage. The subsequent fate of the necrotic bone 
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depends on the vascular restitution which follows. When this is ade- 
quate and when reparative tissues develop sufficiently to withstand the 
stress applied to bone tissue, permanent restoration of function occurs. 
Should the restitution be inadequate, the disability becomes chronic. 
If restitution is only temporarily sufficient, an interval of restored func- 
tion merges gradually into disability with roentgenographic evidence of 
aseptic necrosis. Such progressive manifestations result from the ini- 
tial vascular injury or from compression of the intrinsic branches of 
nutrient arteries when bone structures weakened by vascular distur- 
bances collapse under stress. 

Large regions of aseptic necrosis (infarction) in bone are usually 
recognized without difficulty in the roentgenogram. Small infarcts of 
bone may develop into an insidious disability, difficult to diagnose clin- 
ically. In case 5 a slight trauma had injured an important nutrient 
artery of the femoral shaft. The results of the localized infarct and the 
subsequent tissue reactions produced shadows in the roentgenograms, 
which were interpreted in various ways. When dislocations of small 
bones, such as the bones of the wrist, injure the nutrient arteries, func- 
tional restoration is complicated. Simple reduction, then, does not cor- 
rect the disablement caused by aseptic necrosis of bone. 

The intrinsic branches of nutrient arteries of bones have muscular 
walls and a tissue structure similar to that of arterial branches elsewhere. 
The conditions of vascular repair and tissue restoration in bone with 
aseptic necrosis (infarction) differ frbm those for soft tissues. In 
bone, revascularization of necrotic portions occurs through the intrinsic 
blood vessels rather than from arterial branches of the surrounding soft 
tissues. The strength of the regenerated bone in the healing process 
must suffice to protect the intrinsic arterial branches against further 
injury by compression. The regions of bone tissue commonly involved 
in aseptic necrosis are so located that almost complete restitution of 
form and structure is necessary to prevent a disablement caused by a 
contraction deformity of the tissues. In this respect, the healing of an 
infarct of the bone contrasts with that of similar lesions of soft tissues, 
in which contraction and absorption in the healing are compensated. 

If systemic chemical changes of bone are fundamental in aseptic 
necrosis, as argued by Block, and the vascular lesions incidental, tie 
lesions of aseptic necrosis should be multiple. On the contrary, multip e 
lesions are unusual except in cases in which the same trauma injures tic 
circulation in more than one bone, for example, in both femurs. k- 
extensive aseptic necrosis of bone obsen^ed in caisson disease, recent } 
described by Phemister,“ is caused by interruption of the nutrition (cir- 
culation) in the affected portions of bones by gases liberated m 

tissues. 


11. Phemister, D. B.: Proc. Inst. Med. Chicago 12:82, 1938. 
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SUMMARY 

Aseptic necrosis, a localized nutritional disturbance of bone, is 
regarded by some as an infarct of the tissues. The association of 
arterial occlusions or constrictions with regions of aseptic necrosis has 
been suggested but not clearly demonstrated. 

Thickening of the walls of nutrient arteries and of their intrinsic 
branches by fibroplastic tissue, markedly reducing the lumens, was asso- 
ciated with aseptic necrosis in 9 large and small bones. In 1 small bone 
(of the wrist) an obturating thrombus filled the channel of an arterial 
branch at the margin of the necrotic portion. 

Probably the greater number of such vascular constrictions or occlu- 
sions are due to trauma. Whether the lesions observed are at the actual 
site of injury or represent changes secondary to a constriction more 
proximal in the arterial system has not been established. 

The conclusion is reasonable that vascular constrictions such as have 
been described cause definite nutritional disturbances (infarction) of the 
bone into which the vessels extend. 



ADHERENT POSTERIOR DUODENAL ULCER 


J. WILLIAM HINTON, M.D. 

NEW YORK 

In discussing the treatment of peptic ulcer, whether one is con- 
sidering the medical or the surgical aspect of the problem one is con- 
fronted with the question of the treatment of duodenal ulcer, as 
approximately 85 per cent of all peptic ulcers are duodenal. Among 
864 peptic ulcers which have come under observation during the past 
ten years in the gastroenterologic clinic of the fourth medical and 
surgical divisions of Bellevue Hospital, 88 per cent duodenal lesions 
have been encountered. The duodenal ulcer presents the chief problem 
both for the gastroenterologist and for the surgeon. It has been the 
policy in the clinic never to refer a patient for operation if an}’^ method 
of medical management would relieve the symptoms from which he was 
suffering. Therefore, during the past ten years only 10 per cent of the 
patients have been referred for operation. This point is important when 
one considers the pathologic process encountered in the late stages of 
duodenal ulcer and the type of operation essential to relieve the patient 
of his symptoms. 

During the ten year period the 864 patients have made 16,776 visits 
to the clinic, an average of nineteen visits per patient. My impressions 
have been gained from personal observation of the patients in this clinic, 
as I have been in constant attendance during the entire period. Duo- 
denal ulcer of fairly short duration (a year or less) offers a favorable 
prognosis if dietary management and general medical supervision are 
employed. From my observation it seems that 85 to 90 per cent of 
duodenal ulcers treated in the early stages can be cured or kept froin 
producing symptoms with a medical regimen. When there is a histoi^" o 
symptoms of a number of years’ duration the prognosis is definite} 
altered, bearing an inverse ratio to the number of years that the patient 
has been ill. . 

In this presentation I shall discuss the 10 per cent of 
ulcers for which operation was performed and the associated pat lo Ooic 
processes that were encountered. I shall also describe the 
consider necessary to restore the patient to health. When 
enterologic clinic was first organized (in January 1928) the c le ° 
tive was to determine whether any method of medical treatmcn 

Read before the Interstate Postgraduate Medical Association of Nortl 
Oct. 21, 1937, at St. Louis. 
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cure a duodenal ulcer. ■ It was desired also to learn whether patients 
who could not be relieved by medical management could be permanently 
cured by any type of conservative gastric surgical operation. For the 
patients who were referred for operation during the first four years 
after the establishment of the clinic the operation performed was 
gastroenterostomy. After a few years enthusiasm for this procedure 
waned, as the patients on whom gastroenterostomy was performed had 
innumerable complaints. In 1933, Church and I ^ found that only 37 
per cent of such patients were free from symptoms and that 16.4 per 
cent had marginal ulcers. In selected cases subtotal resection was done 
for duodenal lesions in 1932, and a posterior ulcer associated with an 
inflammatory process involving the head of the pancreas or the duodeno- 
hepatic ligament was a common finding. Since 1933 I have done 
subtotal resections exclusively for patients suffering from duodenal 
ulcer. It is this type of lesion that will be discussed at this time. 

During the past four years and nine months, from Jan. 1, 1933, to 
Oct. 1, 1937, I have operated on 64 patients with duodenal ulcer. 
Thirty-two of the patients were referred from the clinic for persons 
with gastric disease of the Fourth Division at Bellevue Hospital, and 
32 from my office. 

It is essential to classify patients with duodenal ulcer into those on 
whom gastric operations have been previously performed and those on 
whom no such operation has been done. Of the 64 patients, previous 
gastric operations had been performed on 16, or 25 per cent. It is worth 
pointing out that these 16 patients had undergone twenty-four gastric 
operations before submitting to subtotal resection. Intractable pain 
furnished the reason for the radical operation, and 6 of the patients, in 
10 instances, were operated on for multiple massive hemorrhages which 
were uncontrollable by medical management. The mortality in this group 
will be discussed later. 

For the remaining 48 patients with duodenal ulcer primary subtotal 
resection was performed. This does not mean that laparotomy had 
never been performed on these patients ; appendectomy or cholecystec- 
tomy had been performed on 13, or 27 per cent, and on several more 
than one exploratory laparotomy had been performed. For each of 3 
patients three exploratory laparotomies had been done but had failed to 
disclose the cause of pain. It is the associated pathologic process 
encountered in the cases of these 48 patients that constitutes the chief 
interest in this presentation. Twenty-six, or 54 per cent, of these 48 
patients had a posterior ulcer and definite chronic pancreatitis ; in some 

1. Church, R. E., and Hinton, J. W. : A Study of Si.x: Hundred and Seventy- 
One Cases of Peptic Ulcer with Special Emphasis on One Hundred and Fourteen 
Postoperated Cases, New York State J. Med. 34:1079 (Dec. 15) 1934. 
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cases the head of the pancreas was the size of a small orange, and in 
numerous instances it was the size of a lemon. Frequently the duodeno- 
hepatic ligament was also involved in the inflammatory mass. The 
associated pathologic process was unmistakable in every instance. Such 
single posterior ulcers do not represent the most extensive pathologic 
processes ; it is with double duodenal lesions that the most marked 
pancreatitis is encountered, and each of 10, or 21 per cent, of the 48 
patients had two ulcers in the duodenum. It is in such cases that one 
is liable to overlook the existence of pancreatic infection. The ulcer 
on the anterior surface of the duodenum gives one the impression 
that the lesion is only an anterior ulcer, but when patients with such 
a condition are operated on one is amazed at the extensive inflammatory 
involvement of the pancreas and the duodenohepatic ligament with 
a large posterior ulcer. The anterior ulcer usually proves to be relatively 
small. Deformity of the duodenum results from puckering caused by 
contracture of the scar tissue in and around the head of the pancreas. 

This leaves among the 48 patients 12, or 25 per cent, who had an 
anterior ulcer which was penetrating or was adherent to the under 
surface of the liver or the gallbladder but no evidence of associated 
pancreatitis or involvement of the duodenohepatic ligament. If the 
patients with double ulcer are grouped with those with posterior ulcer 
it will be seen that 75 per cent of the patients in this series had a 
definite inflammatory process of the pancreas. 

These patients were operated on for relief of either pain or hemor- 
rhage ; of the 48 patients, 39, or 81 per cent, were operated on for pain, 
and 9, or 19 per cent, were operated on for multiple massive hemor- 


rhages that could not be controlled by medical management. 

The clinical problem encountered for patients with chronic ulcer is 
to determine the stage at which the ulcer becomes adherent to an 
adjacent viscus. When this occurs the condition ceases to be amenable 
to medical management and requires immediate surgical intervention. 
Unfortunately there is no criterion for such a diagnosis except tie 
history of pain and clinical judgment. The patient with a posterior 
ulcer and associated pancreatitis has a changed pain syndrome. ic 
pain may he severe and may be referred to the back, either to t e rig 
or to the left of the spinal column. It may be so severe as to e co 
fused with that caused by a renal calculus or by choleht 
course, one always has the history of the previous symptoms ° 
and this is an invaluable aid in making a differential diagnosis. 
tunately the gastrointestinal roentgenographic series is usua } 
help in deciding whether a duodenal ulcer should be ^ the rocnt- 
findings may be indefinite, and if the lesion is a pos erio -rhereiorc, 
genologist may be able to report only a duodena e j , i,ot 

L should not be misled by the fact that the roenlgcoolog.sl 
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give definite information. Pyloric obstruction may result from double 
duodenal ulcers of long standing, and occasionally it will result from a 
posterior ulcer. In only 15 per cent of my cases was there a definite 
organic obstruction of the pylorus. 

Jones - in an article presented before the American Gastro-Entero- 
logical Association in 1936, on “The Surgical Aspect of Diseases of the 
Pancreas” stated ; “I myself have never seen a case of chronic inter- 
stitial pancreatitis without hemorrhage or a fat necrosis diagnosticated 
before operation. Such conditions have no symptoms as far as I can 
determine.” I am forced to take issue with this statement. I feel that 
if one sees duodenal ulcers in the late stages of the disease one will 
definitely be able to make a clinical diagnosis of the associated pan- 
creatitis and refer the patient for operation. The 48 primary ulcerj 
operated on in this series had an average duration of symptoms of 
thirteen and nine-tenths years before operation. This delay was impor- 
tant in producing chronic pancreatitis. 

None of the laboratory tests that I have had occasion to use are of 
any practical significance. I have used the amylase test of Elman and 
his associates ^ on human beings and also on dogs in which the pan- 
creatic ducts had been ligated, but I found that it gave no aid in diag- 
nosing a chronic infection of the pancreas. The blood sugar curve is 
likewise of no value. Therefore, the diagnosis rests on the changed 
pain syndrome and the radiation of the pain to the back, with such 
severity that morphine or some other sedative is required to give relief. 

For the past four years and nine months, as has been stated, for all 
duodenal ulcers on which I have operated the procedure has been sub- 
total resection. The operations included 16 secondary operations and 
48 primary operations. In any discussion of resection for adherent 
posterior duodenal ulcer it should be made clear that for all the patients 
operated on the ulcer was completely removed from the pancreas or the 
duodenohepatic ligament. This point should be strongly emphasized, 
as I have had occasion to follow a few cases in which operation had 
been performed by other surgeons. The stomach had been resected 
and the inflammatory mass left in situ. The results were only fair. The 
pain suffered by the patient was apparently caused not by the ulcer but 
by the associated infection of the adjacent organ ; therefore, one would 
hardly expect the patient to become free from symptoms if the ulcer 
is left in situ. The one argument used for not removing such a lesion 

2. Jones, D. F. : Surgical Aspects of Diseases of the Pancreas, Am. J. Digest. 
Dis. & Nutrition 3:686 (Nov.) 1936. 

3. Elman, R. ; Arncson, N., and Graham, E. A. ; Value of Blood .'tmylasc 
Estimations in the Diagnosis of Pancrcatitic Disease, .^rch. Surg. 19:943 (Dec.) 
1929. 
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is the difficulty of freeing the ulcer and the high mortality associated 
with resection. For that reason the mortality in this series will be 
presented. For the 48 primary subtotal resections there were 2 deaths, 
or a mortality of 4.1 per cent. For the 16 secondary gastric operations 
there were 5 deaths, or a mortality of 31 per cent. In the entire series 
of 64 cases there were 7 deaths, or a total mortality of 10.9 per cent. 
The mortality among the patients on whom secondary operations were 
performed certainly should not be counted as part of the mortality 
entailed by subtotal resection, as in such cases one is forced to undo 
what another surgeon has done. It is doubtful whether the mortality 
for conservative operations for the nation at large is as low as the mor- 
tality for subtotal resection in cases of duodenal ulcer; the reason for 
this is that pyloroplasty and gastroenterostomy are rather frequently 
done, whereas resection is performed by comparatively few surgeons. 


130 East Seventy-Ninth Street. 



SACROCOCCYGEAL TERATOMA IN THE ADULT 


REPORT OF A CASE 

J. GRAFTON LOVE, M.D. 

AND 

FREDERICK P. MOERSCH, M.D. 

ROCHESTER, MINN. 

Teratomas, while no longer looked on as a judgment from God, 
continue to intrigue and mystify the student of oncology. As a group, 
teratomas are among the rare forms of growth. In previous com- 
munications by Hundling,’- Moersch * and Whittaker and Pemberton,® 
the rarity of sacral growths has been emphasized. These authors 
reported a total of 14 dermoids and 1 teratoma of the sacrococcygeal 
region. Whittaker and Pemberton concluded that ventral tumors of 
the sacrum occurred about once among 40,000 registrations at the Mayo 
Clinic and that only a small percentage of such tumors belonged to the 
group of congenital abnormalities. The rarity of teratoma of the sacro- 
coccygeal region of adults, therefore, justifies this report. According 
to Harrington,^ the sites of occurrence of teratoma, in order of fre- 
quency, are the pelvis, the abdomen, the sacrococcygeal region and the 
thorax. To these should be added the nervous system. 

The exact origin of teratoma has not been fully established. Much 
progress has been made in the understanding of teratoma since 
Baillie’s ° report, in 1789, of an ovarian teratoma which occurred in a 
virgin girl aged 11. This was a severe blow to the prevalent idea that 
such tumors were the result of immoral practices. One must, how- 
ever, content oneself with various hypotheses as to their origin. These 
have been clearly stated by INIarshall,® who closely followed the work 

From the Section on Neurosurgery (Dr. Love) and the Section on Neurology 
(Dr. Moersch), the Mayo Clinic. 

1. Handling, H. W. ; V entral Tumors of the Sacrum, Surg., Gyncc. & Obst. 
38:518-533 (April) 1924. 

2. Moersch, F. P. : Sacral Tumors : Report of Forty-Two Cases with Special 
Reference to Their Neurologic Aspects, M. Clin. North America 10:715-727 
(Nov.) 1926. 

3. Whittaker, L. D., and Pemberton, J. dej.: Tumors Ventral to the Sacrum, 
Ann. Surg. 107:96-106 (Jan.) 1938. 

4. Harrington, S. W. ; Surgical Treatment in Eleven Cases of IMcdiastinal 
and Intrathoracic Teratomas, J. Thoracic Surg. 3:50-72 (Oct.) 1933. 

5. Baillie, cited by Marshall.® 

6. Marshall, G. G. : Dermoid Teeth in External Auditory Canal, with Com- 
ments on Teratomas and Dermoids in General, New England J. Med. 214:202- 
204 (Jan. 30) 1936. 
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of Ewing.^ They are: (1) defective closure’ of clefts with cellular 
inclusions; (2) misplaced blastomeres; (3) wandering of germ cells in 
the development of the embryo, and (4)parthenogenesis. Ewing classi- 
fied these new growths as follows : monsters, teratomas, teratoid tumors, 
mixed tumors, dermoids and epidermoids. Briefly, it may be said that 
a teratoma is considered to be derived from all three germ layers, in 
contradistinction to a dermoid, which is derived from the ectodermal 
germ layer. Teratomas and dermoids are composed of both mature 
and embryonic cells. The latter cells tend to become malignant. Because 
of the uncertainty of differentiation of these various growths, Harring- 
ton has gone so far as to suggest that all such tumors be classified under 
the general heading of teratoma. 

In a consideration of teratoma of the sacrococcygeal region, it has 
been well stated that the caudal end of the embryo represents a “Sargasso 
sea and the growths arising there produce a veritable potpourri of 
fetal tissues.” The more important embryonal structures which give 
rise to sacrococcygeal growths are the coccygeal vestiges, the neur- 
enteric canal, the postanal gut and the proctodeum. The more common 
abnormalities resulting from congenital embryonal disorders in the 
sacrococcygeal region are the teratoid tumors (teratomas and dermoids). 
The subject of chordoma, a tumor which is also of embryonal origin, 
has been fully reviewed by Fletcher, Woltman and Adson ; ® this tumor 
is not to be considered under the heading of teratoma. As a rule, 
teratoma of the sacrococcygeal region is not associated with neurologic 
changes, but at times defects of the spinal column and of the spinal 
cord and its membranes may occur. It should be stated in passing 
that teratoma of the spinal cord itself is rare, but cases which have been 
reported by Bucy and Buchanan,® Kubie and Fulton and others indi- 
cate that any part of the spinal cord may be the site of a teratoma. 

Teratoma of the sacral or sacrococcygeal region is probably present 
at birth and, acording to Ewing, may be on the dorsal or the anterior 
side of the sacrum or the coccyx. Hansmann and Berne were of 
the opinion that such a growth alwa)'s originates retrorectally and that it 


7. Ewing, J.: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 

Company, 1928, pp. 1016-1037. . 

8. Fletcher, E. M.; Woltman, H. W., and Adson, A. W.: SacrococcygM 
Chordomas: A Clinical and Pathologic Study, Arch. Neurol. & Psychiat. 

283-299 (Feb.) 1935. c • i TnrH Sure 

9. Bucy, P. C., and Buchanan, D. N.: Teratoma of the Spinal Cord, b g-, 

G 3 ’nec. & Obst. 60:1137-1144 (June) 1935. , -n u t -<-01 CKudr of 

10. Kubie, L. S., and Fulton, J. F.; A Clinical and St 

Two Teratomatous Cysts of the Spinal Cord, Containing -Mucus and C 
Cells Surg., Gynec. & Obst. 47:297-311 (Sept.) 1928. 

11. HaimaL, G. H., and Berne, C J.: Sacrococcygeal Teratomas, 

Surg. 25:1090-1097 (Dec.) 1932. 
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gradually may force its way to the posterior part of the sacrum. Bucy 
and Raymond, in a review of the literature on teratoma since 1800, 
said that teratoma of the dorsal part of the sacrum is rare in com- 
parison with teratoma of the anterior part of the sacrum. A growth 
on the dorsal aspect of the sacrum may be associated with an anomaly 
of the neural canal, while one of the anterior portion of the sacrum is 
said to have no connection with the spinal cord or its membranes. 

While sacrococcygeal teratoma is not common, it is of sufficient 
frequency to warrant consideration in the presence of a tumor of this 
region. Hansmann and Berne in 1932 reported a group of 26 cases 
of sacrococcygeal teratoma ; 25 were collected from the literature between 
the years 1924 and 1929, and he added 1 case which he had observed 
personally. In these 26 cases, 19 of the patients were females and 6 
were males; in 1 case the sex was not stated. Hosoi in a review of 
cases of teratoma of the brain found that the incidence according to 
sex was reversed. In the majority of cases reported in the literature the 
teratoma occurred in a newborn or in a young infant. All of Hans- 
mann’s and Berne’s 26 patients were less than 21 months of age. Love 
and Kernohan have shown that in cases of dermoid tumor of the 
central nervous system the average age at the time of operation is 
23 years. This is in contradistinction to the age incidence of teratoma. 
Kubie and Fulton reported a case of teratoma of the cervical segment 
of the spinal cord in which the patient was 27 years of age. As far 
as we have been able to determine from a review of the literature, there 
are relatively few reports of teratoma of the sacrococcygeal region of 
the adult. The reason for this is that the presence of the growth is dis- 
covered soon after birth. The patient is operated on and the growth 
removed, or the patient succumbs to the growth or to an unsuccessful 
operation before he reaches adult life. Nicholson in 1937 reported 
a sarcococcygeal teratoma which contained three metatarsal bones and 
digits ; the patient was a Chinese girl aged 16. Brines in 1934 reported 

12. Bucy, P. C., and Haymond, H. E. : Lumbosacral Teratoma Associated with 
Spina Bifida Occulta; Report of a Case with Rewew of the Literature, Am. 
J. Path. 8:339-345 (May) 1932. 

13. Hosoi, K. : Teratoma and Teratoid Tumors of the Brain. Arch. Path. 
9:1207-1219 (June) 1930; Intradural Teratoid Tumors of the Spinal Cord: Report 
of a Case, ibid. 11:875-883 (June) 1931. 

14. Love, J. G., and Kernohan, J. W. : Dermoid and Epidermoid Tumors 
(Cholesteatomas) of the Central Nervous System, J. A. M. 107:1876-1882 
(Dec. 5) 1936. 

15. Nicholson, G. W. ; Studies on Tumor Formation: A Sacrococcygeal 
Teratoma with Three Metacarpal Bones and Digits, Guy’s Hosp. Rep. 87:46- 
106 (Jan.) 1937. 

16. Brines, R. J. : A Large Teratoma Containing Rudimentary Arm Bones and 
a Hand, J. A. M. A. 103:338 (Aug. 4) 1934. 
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a case similar to ours, that is, a case in which a large teratoma contained 
rudimentary arm bones and a hand; the patient was a man aged 24. 
The tumor weighed 31 pounds (14.1 Kg.) and was attached to one 
side of the coccyx. It was removed successfully, and the patient’s 
convalescence was uneventful. Aloi reported a case in which a girl 
aged 19 had a teratoma of the lumbosacral region ; the tumor was asso- 
ciated with spina bifida, but there was no involvement of the central 
nervous system. Bucy and Haymond and also Sonntag have reported 2 
similar cases, in which the patients were children. It may be doubted 
that such lumbosacral teratomas should be included under the general 
heading of sacrococcygeal teratoma. They are referred to here because 
no region of the spinal column appears to be exempt from such embryo- 
logic abnormalities. 



Fig. 1. — Tumor of the right buttock. 


REPORT OF CASE 

A man aged 21 was admitted to the clinic in April 1936, because of a cystic 
tumor of the lower end of the spinal column, which had been present since birth. 
There was no history of disturbance of the function of the lower extremities 
or of the bowel or the bladder. The growth had gradually enlarged since birth 
and had kept pace with the general development of the patient. The tumor had 
never caused much trouble unless injured. At one time, after the patient had 
ridden on a farm machine over rough ground, the mass had become so ten er an 
swollen that he had had to remain in bed for several days. 

The family history revealed that the father had had a tumor on his bac . 
but the nature of the tumor was unknown. The patient had five rot ers an 


17. Aloi, V., cited by Bucy and Haymond.»= 

18 Sonntag F.; Angeborener Mischtumor der Lendenkreuzbemgegen nc 

ZbMa S»lla, Muachen. mad. Wchnschr. 72:5.6.51? (March 27) 1®. 


Fig. 2. — Specimen removed at operation. At the top of the photograph, on 
the left, can be seen the cut end of the bone of the forearm which was attached 
to the coccyx. 



Fig. 3. — A, anteroposterior roentgenogram of the specimen, sliowing tlie bones 
of the hand. B, lateral roentgenogram of the specimen, showing the phalanges, 
the metacarpal bones, the carpal bones and the bone of the forearm which -was 
resected from the coccyx. 
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three sisters, who were living and well when he came to the clinic. One brotlier 
had a harelip. There were no other developmental anomalies in the family. 

Physical examination of the patient revealed no abnormality except a mass 
which was apparently attached to the end of the spinal column and extended 
out into the right buttock (fig. 1). The mass was not tender, and there were no 
signs of inflammation. On rectal examination the mass could be felt projecting 
toward the rectum on the right side. A careful neurologic investigation revealed 
no evidence of involvement of the central nervous system. The urine and the 
blood were normal. The flocculation test for syphilis gave a negative reaction. 
Roentgen examination of the sacrum disclosed a large cystic mass which was situ- 
ated posterior to the. lower part of the sacrum but apparently was not directly 
connected with it. Within the tumor mass one could distinguish well formed 
bony structures. The diagnosis was congenital tumor. 

On April 14, 1936, the tumor (fig. 2) was removed by one of us (J. G. L.). 
The growth was situated at the lower end of the sacrum ; it protruded into the 
right buttock, which was deformed, and extended across the midline, causing 
a deformity of the left buttock. The tumor was removed without any of the 
cysts being opened. It was attached by bone to the lower end of the coccyx on 
the right side. There was no connection with the meninges, and there was no 
suggestion of a meningocele. The tumor was intimately adherent to the rectum, 
and this structure had to be carefully dissected away from the tumor. This was 
done without injury to the bowel or to its blood supply. The tumor measured 
10 by S.S by 33.5 cm. and weighed 117 Gm. When it was opened it was found 
to be cystic. It contained, in addition to the bones shown in the roentgenogram, 
hair and sebaceous material. The bones were well formed, and on the terminal 
phalanx of each finger was a long nail (fig. 3). The pathologic diagnosis, 
by Dr. J. W. Kernohan, was teratoma. The patient’s convalescence was uneventful. 
When he was dismissed from the hospital, fourteen days after the operation, 
the results of neurologic examination were entirely negative, and his general con- 
dition was satisfactory. Recently (September 1937) a report from the patients 
local surgeon stated that the patient had bruised his wound ; this caused an abscess 
which had to be evacuated. 

COMMENT 


Sacrococcygeal tumors have been recognized for a long time, 
although their occurrence among adults is rare. A study of sacrococ- 
cygeal tumors reveals that they tend to be associated with the presence 
of rudimentary organs. Hosoi and others were inclined to agree that 
the origin of teratoma cannot be explained on the basis of a single 
embryologic maldevelopment as an invagination of the ectoderm at 
the time of closure of the primitive streak. On the contrary, this growth 
is derived from more than one germ layer and, as can usually be demon- 
strated, is trigeminal in origin. 

The site of origin of sarcococcygeal teratoma is probably alwajs 
retrorectal. The tumor may be attached to the rectum, to the sacrum 
or to the coccyx. Lumbosacral teratoma is closely related to sacro- 
coccygeal teratoma but probably originates from a different embr 3 -onic 
focus^ From a review of the literature it appears that the occurrenc 
of teratoma has no relation to sex. 
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In the diagnosis of sacrococc}'geal teratoma it must be recalled that 
if the tumor is situated anterior to the sacrum it may escape detection 
for many years. Consequently, in a case in which a sacral growth is 
suspected a careful rectal examination should be made in addition to 
the usual roentgenologic studies, as the latter may fail to reveal osseous 
changes. As reported by Fletcher, Woltman and Adson, chordoma is 
not infrequently present in the sacrococcygeal region and must be dis- 
tinguished from teratoma. Other conditions to be considered in the 
differential diagnosis are tumor of the spinal cord, primary malignant 
tumor of the pelvis, metastatic growth, pelvic tumor (such as ovarian 
cyst), fibromyoma, adenoma, rectal fistula, pararectal abscess and finally 
spina bifida and meningocele. 

De Veer and Browder have laid down the following six points to 
aid in distinguishing meningocele from teratoma; 1. The skin cover- 
ing a teratoma is usually normal, while the skin covering a meningocele 
or a myelomeningocele is of embryonal type. 2. A teratoma is usually 
larger and extends into the pelvis, while a meningocele is smaller and 
rarely extends anterior to the sacrum. 3. A teratoma tends to grow 
more rapidly than does a meningomyelocele. 4. A teratoma is solid 
and as a rule is not connected with the spinal canal, while a meningocele 
tends to be softer and does contain spinal fluid. 5. In cases of teratoma 
there are rarely any neurologic complications; in cases of meningocele 
or meningomyelocele neurologic complications frequently occur. 6. 
Hydrocephalus is a frequent accompaniment to a meningocele or a 
meningomyelocele, but it never is associated with a teratoma. 

Teratoma of the spinal column is not confined to the sacrococc 3 '^geal 
region. It has been found in the cervical, thoracic and lumbosacral 
segments of the spinal cord and in the sacrococcygeal region. 

As has been well demonstrated by the case which we have reported 
and by other cases reported in the literature, surgical removal of a 
sacrococcygeal teratoma is always worthy of consideration, and unless 
there is involvement of the spinal cord the results are exceedingl}' 
satisfactory. 

19. de Veer, J. A., and Browder, J.; Sacrococcygeal Teratoma, Ann. Surg. 
105:408-417 (March) 1937. 



STERILIZATION OF THE AIR IN THE OPERATING 
ROOM BY BACTERICIDAL RADIANT ENERGY 

RESULTS IN OVER EIGHT HUNDRED OPERATIONS 


DERYL HART, M.D. 

DURHAM, N. C. 


In previous publications ^ attention has been called to the prevalence 
of pathogenic bacteria, predominantly staphylococci, in the air in the 
operating room. Various precautions and procedures undertaken to 
eliminate these organisms from the air have been described. These 
preliminary measures were only partly effective, the most satisfactor}' 
being rigid isolation with reduction of the number of occupants to the 
minimum and forced ventilation with large quantities of air free of 
bacteria. The lowest bacterial contamination occurred during those 
periods when there were the fewest carriers among the operating room 
personnel and the general population. Since the number of carriers 
could not be controlled and since isolation and ventilation were only 
partly effective in freeing the air of bacteria, I turned to bactericidal 
radiant energy as a means of sterilizing the contaminated air in the 
region of the operative incision and the supply tables.^ In continuation 
of work previously described ^ the bactericidal efficiency of these rays 


From the Department of Surgery, Duke University School of Medicine and 
Duke Hospital. 

1. Hart, D. : Operation Room Infections : Control of Air-Borne Pathogenic 
Organisms, with Particular Reference to the Use of Special Bactericidal Radiant 
Energy; Preliminary Report, Arch. Surg. 34:874-896 (May) 1937; Pathogenic 
Bacteria in the Air of Operating Rooms : Their Widespread Distribution and 
Methods of Control, Arch. Surg. 37:521-530 (Oct.) 1938. 


2. So-called sterile supply tables should never be left unprotected when this 
can be avoided. The table should be covered with a sterile sheet when it is 
not in use. While in use the table can be protected by general sterilization of the 
air, or, if there is objection to this, by an irradiation unit with a reflector which 
concentrates the rays on the table and prevents them from irradiating the entire 
room. With such a unit there is no necessity to cover all exposed cutaneous 
areas of the occupants of the room. However, any one who for a long time looks 
at the polished instruments, which might reflect a small amount of the radiation, 
should at least protect his eyes with glasses. If there is any tendency to 
irritation from this small amount of reflected radiation it could probabl> 
overcome by the application of cold cream to the skin before exposure. 
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has been reported and a statistical analysis of small numbers of eases 
given.* 

This report gives a brief anah'sis of the results obtained in a total 
of 456 clean primaiy incisions and 86 reopened clean incisions out of 
over SOO operations ])crformcd in a lield of bactericidal radiation.® The 
other operations had a ])otcntial source of infection, and data on them 
were not used for the statistics. The operations in the ])rcsent scries were 
gastric or intestinal resections, cholcc,vstectomies, appendectomies and 
amputations of gangrenous c.Ktremities. It is my impression that there 
has been a striking imjirovemenl in the postoperative course of these 
patients, but a statistical analysis was not made, since the results would 

Taw-E 1 . — Analysis o{ Clean Ot’erathe Incisions IFitl: Regard to Infections 


Scrvlci' 

Urology 

Ortliopodlc.' 

Obstetrics nnd gynecology 

Ocncral surgery 

Toinl 




Without Itnetcricblnl Kndintlon 
» 


Total 

Infecllons 

No. 

Xo. 

ivrci'ntiigo 

f.3 

7 

13,0 

Ui 

5 

3.5 

245 

7 

3.0 

3.V/ 

1.3 

3.0 

7(»S 


4.0 

■■■■■' 


' 

C5 

25 

3S.5 

45 

31 

21.5 


With Jlnctcrlddnl Rndintlon 

JL . 


Total 

Infections 







So. 

So. 

Percentage 

o 

0 

0 

C5 

0 

0 

1 

0 

0 


n* 

0.7 

3C7 

OV 

0.5 


SO 

3f 

3.4 

SO 

7* 

8.1 


* Cases 1 and 2. 

t Oases 3, •! and 0. 

1 Cases S. ", B, 0 , 10, 11 and 12. 

In the past year and a halt, most of the oporntlons ot magnitude have been performed In 
a field of bactericidal Irradiation. Thl.s group, therefore. Is composed largely of the operations 
of this typo tvhich arc hnoivn from c.xpcricncc to he most likely to bo followed by Infection. 
The group In which radiation was not uscfl, on the other hand, contains a higher percentage of 
operations of ]c.'ser magnitude In which Infections are less likely to occur. 


have been difficult to evaluate. In general, I may say that unexplained 
infections in primary incisions have been almost, if not entirely, 
eliminated (table 1). 

More striking than this reduction in the number of infections (either 
gross suppuration or demonstration of organisms in the wound) has 

3. Hart, D. : Sterilization of the Air in the Operating Room by Special 
Bactericidal Radiant Energy, J. Thoracic Surg. 6;45-8I (Oct.) 1936. 

4. Hart, D. : Sterilization of the Air in the Operating Room with Bacteri- 
cidal Radiation; Comparative Analysis of One Hunderd and Thirty-Two Stages 
of Extrapleural Thoracoplasties Performed with Radiation and One Hundred 
and Ten Stages Performed Without Radiation, J. Thoracic Surg. 7:525-535 (June) 
1938. 

5. This work has been made possible by the cooperation of the Westinghouse 
Electric and Manufacturing Company, which has supplied the radiation tubes 
and accessory electrical supplies. The statistical studies were made with the 
cooperation of Dr. Stokes Munroe and Dr. Phillip B. Parsons of the surgical 
staff. 
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been the reduction in the elevation of temperature following operation 
and the shortening of the duration of this postoperative elevation. 
Equally impressive has been the improvement in the postoperative course 
of the patients. They show less reaction in every way; there is less 
tenderness in the incision, and the period of convalescence is reduced. 

In a consideration of the statistics, the summaries of all cases in 
which possible infection existed (cases 1 to 12 inclusive) should be 
carefully analyzed, note being taken of whether or not there is any 
doubt as to the presence of wound infection, the extent of the infection, 
the probable source of the contamination and the slight elevation of 
temperature in most cases. 

In a number of cases, conditions classed as infections would have 
been overlooked except for careful observation and cultures of material 
from the wounds. Some of these conditions probably should not be 
classed as infections since the organisms were obtained only about the 
sutures which had been left in place for seven to nine days (cases 2 
and 4) while in 1 case there was apparently inversion of the edge of the 
skin and organisms were cultured from the resultant granulating area 
(case 1). One should note whether the infection occurred in a primary 
incision or followed a second operation through a reopened incision. 
In the latter instance the organisms may have entered the subcutaneous 
tissues along the skin sutures of the preceding operation. In every 
primary incision showing any growth of organisms there was an evident 
source of the infection (cases 2, 3 and 6) or else there was doubt as to 
whether or not wound infection was present (cases 1 and 4). In all 
reopened wounds the skin sutures for the preceding operation formed a 
channel along which organisms could grow to gain access to the subcu- 
taneous tissues. In 2 of the 7 reopened wounds which showed subsequent 
infection (cases 5, 7, 8, 9, 10, 11 and 12) there had been demon- 
strable infection about the skin sutures for the preceding stage of the 
operation (cases 4 and 6) . In 1 the organism had been cultured from 
the skin sutures of the preceding stage but there was no evidence of 
wound infection (case 11). In another, in which there was no evidence 
of infection for the first two stages, a smear made during the third 
operation of material from the subcutaneous tissues at the level at which 
the skin sutures for the preceding stages had passed through shoived an 
occasional coccus (case 12). 

A statistical analysis of the 456 primary clean incisions, including 
the first stage of extrapleural thoracoplasties and 86 clean wounds that 
were reopened (extrapleural thoracoplasties for second and third stages), 
will be compared with the results obtained in similar groups of cases 
in which the patients were operated on under the same conditions ;u 
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wiilioul the iit^c of liaclfricid.'il niclirint ciutl;}'. 'I'lic ])()StO])crativc course 
of these two groups will he considered in the following order; 

1. Xninher of infections (hy services). 

2. Infection .•nul mortality statistics for e.Ntraplenral thoracoidasties, 

radical mastectomies and inguinal herniorrhaphies. 

3. I’osloperative elevation in temperature. 

4. Duration of elevation in temperature following ojieration. 

5. Wountl healing and local reaction. 

0. General systemic reaction. 

For the group in which rafiiant energy was employed, a brief sum- 
mary of each case classed as possibly presenting wound infection is 
given, together with the temi)erature curve for eight days after opera- 
tion (cases I to 12. inclusive), h is not considered necessary or 
advi.cahle to give abstracts and temperature curves for all the cases of 
infection in which bactericidal radiant energy was not used. The tem- 
perature, however, was much higher and the elevation was usually of 
longer duration than in the group for which irradiation was used. I 
recall (without a complete analysis of records) that over a period of 
several years, before the use of bactericidal radiation was begun, there 
were several deaths fntm infections with the hemolytic staphylococcus in 
supposedly clean ojicrative wounds (3 craniotomies, 1 radical mastec- 
tomy, 4 e.\trai)leural thoracoplasties*') and there were undoubtedl)’' 
others. There has been no de.nth from infection in cases in which the 
patients were operated on in a field of sterile air. 

1. The number of infections h.as been gre.atly reduced (table 1). 
Considered by services, the orthopedic, the general surgical and the 
thoracic division are of greatest significance, since they have the largest 
number of cases. In the orthopedic service the infection percentage 
was reduced from 3.5 to 0. In the general surgical service while the 
reduction, as shown in table 1, was only from 3.6 to 0.7 per cent, a study 
of the summaries shows that in 1 case (case 1) it is e.xtrcmely probable 
that the wound should not be classed as infected and that in the other 
(case 2) the only infection was an .abscess about a single suture. Count- 
ing both of these cases as instances of infection, the percentage of 
infections in all cases, exclusive of cases in wdiich thoracic operations 
were done, has been reduced from 4.0 to 0.5. 

Thoracic operations are considered separately, since they are fre- 
quently multiple stage operations. In the series in which bactericidal 
radiant energy was not used, each operative procedure was carried out 
through a separate cutaneous incision because of fear of lighting up a 
dormant infection in the old incision. It is noteworthy that in this series in 

6. Thoracoplasties performed without the use of bactericidal radiant energy 
are included in this statistical study. 
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which separate incisions were used there were 38.5 per cent infections ^ 
in the first stage and only 24.5 per cent in the subsequent stages (tables 
1 and 2) . In the series in which bactericidal radiant energy was employed 
the wounds were reopened for the second and third stages. The only 
infections in primary incisions (3 cases, or 3.4 per cent; see tables 1 
and 2) are readily explainable as follows : The report of case 3 shows 
that there was gross contamination of the wound with infected perspira- 
tion as the result of tearing of a glove ; the report of case 4 shows that 
in this case the upper end of the incision was exposed by slipping of 
the dressing ; there was maceration caused by the patient’s lying on the 
suture line ; the skin sutures were left in for nine days, and a positive 
growth of Staphylococcus aureus was obtained from moisture along the 
suture line. The wound was described as well healed three days after 
the sutures were removed. The report of case 5 shows that the patient 
had acne with a pustular eruption over the back, and the incision was 
made with the cutting current with the idea of avoiding smearing organ- 
isms from the infected hair follicles and glands through the wound. 
Poor healing was the result. The dressing slipped, exposing the incision, 
and subsequently there was superficial infection in this area. After 
the operations in which a preexisting wound (usually of two to four 
weeks’ duration) has been reopened, 8 per cent of patients have shown 
some infection (tables 1 and 2). 

In all cases the infection has been localized, and in most of them it 
has been mild (cases 5, 7, 8, 9, 10, 11 and 12). It is my opinion that 
in most, if not all, of these cases the organism present in the hair 
follicles and sweat glands grew along the silk skin sutures for the preced- 
ing operation, thus reaching the subcutaneous tissues, where they lay rela- 
tively dormant until stirred up and spread by the subsequent operative 
procedure. Physicians are familiar with the fact that when the skin 
sutures are left in place for an unduly long time, these organisms may 
cause small abscesses about the sutures. There are many advantages in 
operating through the same incision, and since all but one of the infec- 
tions have been mild I am still following this technic, in the hope that 
even such infections can be eliminated. Recently I jiave closed a number 
of extrapleural thoracoplasty wounds with deep sutures of catgut and 
a subcuticular suture of wire. In no case in which the wound was so 
closed has any infection followed reopening of the incision, regardless 
of whether the wound was reclosed with catgut and wire or with cat- 
gut and skin sutures of silk. The ware is removed at the following opera- 
tion but can be removed at any time wdthout an anesthetic by exposure 
j;}.jj-ough a few small nicks m the freshly healed scar. 

2. Infection and 'mortality statistics for extrapleural thoracoplasties, 
radical mastectomies and inguinal herniorrhaphies are considered scpa- 

TroTlncIudes all cases in which there was either gross suppuration or a 
positive growth of organisms from smears made from the suture line. 
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ralcly, since eases in wliicli tliese proccclurcs are used form the relatively 
large series. Tiiis also allows a conij)arison of the results following 
operations of greater magnitude, sucli as thoracoplasties and mastec- 
tomies, with the results following the smaller operative procedures, as 
represented by inguinal herniorrhaphies (table 2). Infections following 
thoracoplasties have licen considered. It should be noted that the reduc- 
tion in the mortality from e.xtra pleural thoracoplasties has been brought 
about by elimination of the mortality from wound infection in the series 
in which bactericidal radiant energy was employed (table 2). There 
has been no death in the other two series either with or without the use 
of this measure. For radical mastectomies the infections® have been 
cut from 31 to 2.6 per cent (a single stay suture abscess appearing 
on the eighth postoperative da)* in case 2) while for inguinal hernior- 

Table 2. — Infection and Mortality Statistics for Clean Operative Incisions 


Type of 
Opcrntlon 


Wlllioiil llnctcrlcldnl nn<lliitlon Wllh Biictorleidnl Rndintlon 

, . « 

-Vorlnlltj- MortnIIti' 

Totn) Wound from Totnl Wound from 

Mum- In fee- Wound Totnl Mum- Infee- Wound Totnl 

ber flon Infoclfon .Mortnllty bor tion Infection Mortnllty 

OnFO.'i Mo. To Mo. Co Mo. T> Cnscs Mo. % Mo. To Mo. % 


Tborncopln.'ty 

First ftnpe... Gj 23 SS.5 3 4. Cl .3 

Subsequent 1.3.C 

stnpes 43 11 24.5 1 2.2j 1 

Rndlcnl mnstce- 

tomy 13 4 31.0 0 0 0 

Ingulnnl licml- 

orrlinphy 150 5 3.3 O 0 0 


7.7| 


S9 

3* 

3.4 

0 

"i 

2 

2.21 


1 

5.5 





1 

1 

0 

“'“I 

1 

2.a 

2.2j 


S3 

7t 

8.1 

0 

oj 

3 

S.5j 


0 


3S 

If 

2.C 

0 

0 

0 

0 

0 


S7 

11 

1.1 

0 

0 

0 

0 


* Cnses 3, 4 nnd C. 
t CnEe.s 5, 7, S, 0, 10, 11 nnd 12. 
t Cnse 2. 

§ Cose 1. 


rhaphies the infections have been cut from 3.3 per cent probably to 
0, or to 1.1 per cent if a case in which it is very doubtful that the 
wound was infected (case 1) is included. In this case it is probable 
that the edge of the skin was inverted and that the organisms were 
cultured from the resulting small area of granulation tissue. 

3. The reduction in postoperative elevation of temperature has been 
most striking. I feel that this, together with the shorter duration of 
elevated temperature, the diminished reaction in the wound and the less 
severe systemic reaction of the patient, are as important as, if not more 
important than, the reduction in the small percentage of diagnosed 
infections. All are indications of the reduction in the amount of 
bacterial contamination of the wound. The dividing line between the 
mild and the more pronounced elevations in temperature is taken as 
38 C., or 100.4 F. For those who care to go into a more detailed 


8. Gross suppuration or positive culture from the wound. 
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analysis, the smaller temperature divisions, with the number and per- 
centage of cases in each, are given in tables 3, 4 and 5. By the use 
of bactericidal radiation to sterilize the air the percentage of patients 

Table 3. — Extrapleural Thoracoplasty for Pulmonary Tuberculosis; 
Temperature Elevation (Centigrade) 


Before Operation After Operation 

— — ’ JL 


Without Radiation 

A 

\ 

With Radiation 

Temper- 

ature 
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/ 

Without Radiation 

.A ^ 

With Radiation 

No. 

Percentage 

No. 

Percentage 

No. 

Percentage 

No. 

Percentage 

97 

88.2 
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87 

37-36.5 

2 

2' 


37 

21.01 

12 
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11 
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85 

49 . 0 J 
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1.0 

3 

2 
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58 

52' 


46 
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0 

0 

0 

0 
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16 

15 

68 

6 

3.5130 

0 

0 

0 

0 

37-41.0 
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1 

0.5J 
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no 

100 
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100 


Table 4. — Radical Mastectomy; Temperature Elevation (Centigrade) 


Before Operation After Operation 

f ^ ^ A 

Without Radiation With Radiation Temper- Without Radiation With Radiation 
, * , , , ature , , , '■ — 


No. 

Percentage 

No, 

Percentage 

Groups 

No. 

Percentage 

No. 

Percentage 

12 

92.3 

37 

97 

37-37.5 

0 

0 ■ 

54 

1' 

3' 
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1 

7.7 

1 

3 

37-38.0 

7 
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24 
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0 

37-39.0 

5 
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0 

0 

0 
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1 
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0 
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0 

0 

0 
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0 
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0 

oj 


Total 




13 

100 

38 

100 


Table 5. — Inguinal Herniorrhaphy; Temperature Elevation (Centigrade) 


Before Operation After Operation 

JL . - - 


^ A. 

Without Radiation 

With Radiation 

Temper- 

ature 

Groups 

Without Radiation 

With Radiation 

No. 

Percentage 

! 

No. 

Percentage 

No. 

Percentage 

No, 

Percentage 

140 

93.3 

S3 

95.4 

37-37.5 

14 

9.3' 

l04 

1 

12 

13.S 

[78 

8 

5.3 

4 

4.6 

37-38.0 

82 

54.7. 

50 

C1.4J 

I 

2 

1.3 

0 

0 

37-39.0 

47 

31.31 

1 

1 

1 

19 
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1 

1 

0 

0 

0 

0 
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7 

4.71 

ioc 

0 

0 
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0 

0 

0 

0 
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0 

0 J 


0 
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Total 


having a temperature above 38 C. (100.4 F.) after operation was redncccl 
as follows: 

Thoracoplasties, from 68 to 30 per cent. 

Radical mastectomies, from 46 to 34 per cent. 

Inguinal herniorrhaphies, from 36 to 22 per cent. 
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4. Willi sterilisation of the air in tlie operating room llie sliorlcning 
of the duration of elevated temperature following opciTition has been 
even more striking than the lowering of the temperature elevation 
(tables 6. 7 and 8). Taking four days as the dividing line between a 
relatively short and a more prolonged duration of elevated tempera- 
ture. one finds that in eases in which bactericidal radiation was used 
the number of patients showing the longer course of fever has been 
reduced as follows: 

Hxtrai)lcnral tlioracoplnsties, from 7S to 22 per cent. 

Ivadical inastectomic.c. from 54 to 21 per cent. 

Inguinal herniorrhaphies, from 46 to 14 per cent. 

For a more detailed analysis of the duration of high temperature the 
reader is referred to tables 6, 7 and 8. 

5. By the use of bactericidal radiation, wound healing has been 
improved and the local reaction has been greatly diminished. The 
wounds usually remain dry, and there is little redness of the skin unless 
the patient lies on the incision (particularly in the summer, when 
there is much persiiiration) or the sutures are left in place for an unduly 
long time (sec report of case 4). The deep-seated reaction is diminished 
even when closure is made with catgut. The most striking difference 
noted is the diminution in the amount of soreness and pain in the 
incision. This is particularly evident in thoracoplasties. 

6. The general systemic rcactioJi of the patient after the operation is 

much less severe when the air is sterilized during the operation. This 
is most noticeable in major operations, such as thoracoplasties, mastec- 
tomies and arthroplasties. Taking the thoracoplasty as the best index, 
since there is a large scries of cases and it is an operation of con- 
siderable magnitude, one finds that the patient seldom shows much 
systemic reaction other than the drop in blood pressure immediately 
following operation, and this is soon relieved by transfusion or other 
intravenous fluid. Convalescence is rapid, and in many cases the next 
operation is performed after an interval of fourteen days. The best 
index of the postoperative systemic reaction is probably the elevation 
of temperature (tables 3, 4 and 5) and the duration of this elevation 
(tables 6, 7 and 8). In my opinion, however, improvement in the 

systemic reaction has been even greater than the change in the extent 

and duration of elevation in temperature. 

Case I. — G. B., a wliite boy aged 16, bad an indirect inguinal liernia on the 

left side which had been present all his life. The hernia was repaired with the 

patient under nitrous oxide-oxygen anesthesia on November 26, silk being used 
as a suture material. When the skin sutures were removed on tbe sixth day 
the wound was described as well healed. On the twelfth postoperative d.ay, when 



Table 6.~Extrapleural Thoracoplasty jor Pulmonary Tuberculosis; Duration ' 
of Postoperative Temperature Elevation*' 


Without Radiation With Radiation 

A , , , 


Days 

No. 

Percentage 

No. 

Percentage 

No postoperative elevation 

2 

2.0 


42 

24.0 


1 

0 

0 


3 

2.0 


2 

1 

1.0 

22 

39 

22.0 

73 

3 

11 

10.0 


22 

13.0 i 


4 

10 

9.oJ 


30 

17.oJ 


5-7 

35 

32.0 

1 

24 

13.7 


8-14 

39 

35.0 


9 

5.0 





^7S 



•22 

15-21 

C 

5.5 


3 

1.7 


22-f 

6 

5.5 


3 

1.7. 



Total no lOO 175 100 


* Above 37.5 C. (99.5 I*.), or the preoperativo ievci. 

Table 7. — Radical Mastectomy; Duration of Postoperative Temperture Elevation * 


Without Radiation 


With Radiation 


Days 

No. 

% r 

Percent a gre 

No. 

Percentage 

No postoperative elevation 

0 

0 


1 

2.( 

) 

1 

0 

0 


0 

0 


2 

1 


■40 

6 

15.6 

i 79 

3 

0 

0 

12 

3LC 


4 

5 

3S.5 


11 

29.0 


5-7 

5 

SS.5 


0 

15.8 


8-14 

0 

0 

54 

1 

2.0 

0 

21 

15-21 

1 

7.7 


0 


22-1- 

1 

7.7, 


1 

2.0, 


Total 

13 

100 

3S 

100 

* Above 37.5 C. (99.5 F.), or the preoperativo level. 






Table 8 . — Inguinal Herniorrhaphy; 

Duration 

of Postoperative 

Temperature 

Elevation * 







Without Radiation 

With Radiation 


Days 

^ — \ r" 

No. Percentage 

No. 

Percentage 

No postoperative elevation 

13 

S.G 


13 

15.0 



0 

0 


2 

2.3 



9 

0.0 

53.7 

13 

15.0 ! 



22 

14.0 


so 

34.5 



37 

24.5. 


17 

19.5 



55 

37.0] 


9 

10.3 



13 

1 

S.G 

0 . 7 ' 

4C.3 

3 

0 

ZA 

I 

0 

4 


0 

0 J 


0 

0 



150 

100 

67 

ICO 


. Above 37.5 C. (99.5 F.), or the prcoperatlvc level. 
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the (ircssiiifr \\ns npaisi rciiun-nl, llirrc w.i.*. jnnic M-pnralinn of the edecs of tlic 
5l:ii5, will] n raw arm frf'Hi wliirli .‘'inpli. aureus uas cultured. There was no 
cvi'iiriicc of infection hrlow lltr surfacr. The I'.ilieiil was discharped the follow- 
ing d.iy. "J'hr postoperative tctiipetalurc curve is siiown for the first eiglit days 
(chart !). It rcnt.ained norninl thtoi)i;h>'Ui the reiuaiiidcr of tlie patient's stay 
in Ilic liospitnl. Thi*. case pri'h.ihly shiuild not he classed as one of infection. 

Osi; 2.— H.. a \rf;rc‘>. aped 5). ninnied, had a earcinoina of the breast, 
of .si.Mecti months' »ht:ation. She ha<! rtvcivcd eighteen roentgen treatinents, and 
arc.ns of slcin had lost ilieir pigmentation as a result of the blisters following 
thc-'C treatments. A radical masicetotny was performed on I'ehruary 15. The 
postoperative temperature f<ir the first eight <lays is given in chart 2. During 
the remainder of the .stay in the hr-siiital the teiiiiierature was normal. On the 
ciplith day an abscess was found about a single stay suture which passed through 
the axillary hair-lsearing sl;tn. The remainder of the incision was free of any 
infection, and the absec.'-s healed promptly, with little drainage, after removal of 
the ofTending stay suture. 

C.\si: 5. — D. C., a white woman aged .*1, single, had a history of bilateral pul- 
monary tuberculosis of eight years' tiuration. Cavitation in the left Jung had 
been prcsait for the past four years. An e.xtrajdcnral paravertebral thoraco- 
plasty was performed on June 15. The ojicrator’s glove was torn during the 
operation, and gro.ss inocnlation of the wonml with a considerable quantity of 
contaminated perspiration occurred. The wound was immediately and thoronghlj' 
washed mn with phy.siologic .solution of .sodium chloride. A rapid rise of tem- 
perature followed operation, with evidence of wound infection (chart 3). The 
wound was opened six days after operation, for free drainage. Cultures sliowed 
Staph, aureus haemolyticu.s. Healing progressed satisfactorily niul the remaining 
ribs were sub.sequcntly resected, 

C.ASr. 4. — S, P., a white woman aged 32, single, bad a liistory of tuberculosis 
of si.\ j'cars’ duration and had had eleven ribs resected four years before admis- 
sion. On October 1 an c.xtraiileural paravertebral thoracoplasty was performed 
through the scar from the previous operation. TIic three upper regenerated ribs 
were resected. After the operation the temperature did not go above 38 C. 
(100,4 F.) and was down to normal within forty-ciglit hours (chart 4). After 
the operation the patient lav on her back during warm weather and perspired 
freely. The dressings slipped, the upper end of the incision being exposed. The 
silk skin sutures were not removed until the ninth day, at which time there 
was some superficial maceration at the upper end of the incision, with cutting of 
Ihe silk sutures. Cultures taken from the suture line showed a growth of Staph, 
aureus. The incision \vas described as healed on the twelfth postoperative day, 
and there was no elevation of temperature before the next operation (see report 
of case 5). The infection in this ease probably was not an operating room 

infection. 

Case 5 (same patient as in case 4). — On October 15 a second stage extra 
pleural paravertebral thoracoplasty was performed through the incision for t e 
first stage, with lengthening of the incision at the lower end. The regenerated 
fourth, fifth, sixth and seventh ribs were resected. After the operation the tem- 
perature did not go above 37.5 C. (99.5 F.) at any time (chart 5). The patient 
3gain lay on her back and perspired freely. The silk skin sutures were remove 
on the eighth day after the operation. There were numerous pustules about 
the sutures at this time. Cultures of pus from these showed Staph, aureus. 




Chart 1.— Temperature chart of the patient in case 1. 


•,1 



DAYS AFTER OPERATION 

Chart 2. — Temperature chart of the patient in case 2. Radical mastectomy was 
the operation performed. 
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Chart 3. — Temeperature chart of the patient in case 3. An extrapleural para 
vertebral thoracoplasty was performed. 



Om ATTER OPERATIOM 


. ■ ( TUf first stage o! an 

Chart 4. — ^Temperature chart of the patient m case 4. 

extrapleural paravertebral thoracoplasty was performed. 




HART—SrilRlLIZAriON OF AIR IN OPERATING ROOM 967 


Practically all of these were healed two days later, but there was a small amount 
of drainage from the upper end of the incision. Photographs taken twelve days 
after operation showed the wound well healed, and the patient was discharged 
two and one-half weeks after the second operation. There was no elevation of 
temperature during the hospital stay after that shown on ehart 5. The condition 
in this case probably was not an operating room infection but multiple stitch 
abscesses. 

CAsn 6. — S. G., a white man aged 23, single, showed, in addition to bilateral 
pulmonary tubereulosis of three years’ duration with cavitation on the left, 
marked acne, with a pustular eruption over the back. Operation was delayed 
until the sixth day after admission in order that the cutaneous infection might 
be treated. On August 7 an extrapleural paravertebral thoracoplasty was per- 
formed on the left side, with resection of the first, second, third and fourth 
ribs. The incision was made with the surgical diathermy in the hope that it 
would be less likely to carry organisms into the wound. (I feel that this was 
false reasoning and that such a procedure probably gave the organisms more dead 
tissue in which to grow.) The cutaneous incision was closed with buried sutures 
of catgut and skin sutures of silk. The dressings slipped, and the upper end 
of the incision was exposed. Healing was delayed because of damage to the 



Chart 5.— Temperature chart of the patient in case 5 (the same patient as in 
case 4) after the second stage of the operation. 

skin by the cutting current. A low grade superficial infection developed (chart 6). 
This healed before the second operation, thirty-five days after the first stage. 

Case 7 (same patient as in case 6).— The patient had a pustular eruption on 
the back, and there had been superficial infection at the first stage (chart 6). On 
September 10 the second stage of the thoracoplasty was performed through the 
scar from the first stage. The fifth, sixth, seventh and eighth ribs were 
resected. For twelve days after operation the temperature did not go above 
38 C. (100.4 F.) except for the one point shown on chart 7. The sutures were 
removed on the ninth day, and the wound was described as well healed, with 
no infection. There was one recorded temperature daily above 38 C. (100.4 F.) 
on the fifteenth, sixteenth and seventeenth days after the second operation, and 
a hematoma was aspirated at this time. Dark brown, syrupy fluid was obtained. 
The culture was lost. Two small draining sinuses opened at the lower end of 
the incision by the twenty-fourth day after operation, but these drained only 
a slight amount of serosanguineous fluid. 

The temperature remained irregularly elevated to above 38 C. (100.4 F.) 
daily. The wound was explored on the twenty-eighth day, but no pus was found, 
and there was little subsequent drainage from this incision, which was left 
open. The wound and sinuses healed by the twenty-ninth day after it was 
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opened, but the patient continued to have a temperature up to 38.5 C. (101.3 F.) 
several times each week. It was found that this came from secondary infection 
in an old tuberculous empyema cavity. 

Case 8. R. W., a white man aged 34, single, showed, in addition to tuber- 
culosis of the right lung with cavitation, a blood pressure of 140 systolic and 92 
diastolic and a diffuse pustujar acneform eruption over the back, the shoulders 
and the upper parts of the arms. Operation was postponed, and the back was 
treated for sixteen days with measures producing cleanliness and with small doses 
of roentgen irradiation. Only moderate improvement was obtained. 



Chart 6. — Temperature chart of the patient in case 6. The first stage of an 
■extrapleural paravertebral thoracoplasty was performed. 
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DAYS AFTER OPERATJON 

Chart 7. — Temperature chart of the patient in case 7 (same patient as in 
•case 6) after the second stage of the operation. 


On September 10 an extrapleural paravertebral thoracoplasty was pe orme 
on the right side, with resection of the first, second, third and fourth ribs, je 
maximum postoperative temperature was 38 C. (100.4 F.), and the tempera 
was normal after three days. There was primary healing. .t,,...-!, 

On October 7 the second stage of the thoracoplasty was performe 
the scar of the first operation, the fifth, sixth, seventh and 
resected. The maximum temperature for the first eight days a J ^ 

at the end of which time the sutures the ciehth 

<100.4 F.). The temperature gradually rose to 40 C. (104 F.) bet 
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and the twclftli day, at wliicli time the lower end of the incision was opened, a 
\rallcd-ofT pocket of pus was evacuated and drains were inserted. The tem- 
perature dropped to normal within twelve hours and remained normal. Nine 
days after the abscess was drained, the patient had a sudden pain in the chest 
while straining in getting off a bedpan and died within a few minutes. Autopsj' 
.confirmed the diagnosis of pulmonary embolus. The wound had healed except 
for a small granulating area at the drainage site. 

Case 9.— Itf. G., a white woman .aged 34, married, had a history of tuber- 
culosis of the left lung of twenty-nine months’ duration. Her general condition 
was good. There was a history of an acneform eruption during the menstrual 
periods. 

The second stage extrapleural paravertebral thoracoplasty was performed 
fourteen days after the first stage, through the old incision. The fourth, fifth 
and sixth ribs were removed. Two hundred to 300 cc. of old blood was found 
beneath the scapula. The temperature had remained normal except for two 
days after the first operation. Immediately after the second stage it rose and 
remained elevated until a subcapsiilar abscess was drained (chart 9). This 
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OA.YS AFTER OPERATION 

Chart 8.— Temperature chart of the patient in case '8 after reopening of the 
incision for the second stage of an extrapleural paravertebral thoracoplasty. 

wound apparently became infected at the time of the second operation. The 
organisms may have gained entrance to the subcutaneous fat along the skin 
sutures for the first stage of the operation. 

Case 10.— J. W., a white man aged 23, single, had a history of tuberculosis 
of the left lung of three years’ duration. The entire lung was fibrosed, and there 
was a cavity in the apex. The second stage extrapleural paravertebral thoraco- 
plasty was performed twenty-one days after the first stage, through the original 
scar with removal of four ribs at each stage. (For the temperature curve follow- 
ing the second stage see chart 10.) A small collection of pus in the subcutaneous 
fat was discovered and drained on the sixth day after the operation. Culture showed 
Staph, aureus. The temperature curve subsequent to that shown in chart 10 
was normal, but it required twenty days for the abscess cavity to granulate and 
the skin to heal over. 

Case 11.— R. C., a white woman aged 42, married, had a history of bilateral 
pulmonary tuberculosis of eighteen months’ duration, with activity on the left. 
After the first stage, with removal of the first, second and third ribs, the tem- 
perature did not go above 37.8 C. (100 F.). While there was nothing to suggest 
infection, a culture of material from about the skin sutures showed a positive 
growth of Staphylococcus albus. The second stage was performed fifteen days 
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DAYS AFTER OPERATION 

Chart 10. — Temperature chart of the patient in case 10 after reopening of the 
incision for the second stage of an extrapleural paravertebral thoracoplasty. 
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Chart 11. — Temperature chart of the patient in case 11 after reopening of the 
incision for the second stage of an extrapleural paravertebral thoracoplasty. 
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Chart 12 .— Temperature chart of the patient m case 12 racoplasO'- 

ing of the incision for the third stage of an extrapleural paravertebral 
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after the first. The inci.sioii was through the scar of tlie first stage, and parts 
of tlic fourth, fiftl) and sixth ribs were removed. The temperature (chart 11) 
did not go above 37.8 C. (100 I'.). On the eighteenth day after operation a few 
drops of pus were expressed from the wound. The wound was opened, and pus 
(Stapliy)ococcus albiis and Staph, aureus) was found to be located about a 
buried silk suture. Tin’s was removed, and healing followed. 

Case 12. — P. M., a white woman aged 37, single, had a history of pulmonary 
tuberculosis of five years' duration. The disease was bilateral, well healed on 
the right but with several cavities on the left. The thoracoplasty was performed 
in three stages at fourteen day intervals. After the first and second stages 
the temperature remained between 37 and 38 C. (98.6 and 100.4 F.) and after 
each was normal four days after the operation. At the third operation smears of 
material from the superficial tissues at the level at which the skin sutures 
passed through the superficial fat showed an occasional coccus. After this 
operation the temperature went slightly higher (chart 12). A hematoma was 
aspirated on the third and seventh postoperative days. From material obtained 
b\' the second aspiration Staph, aureus hacniolyticus was grown. A small opening 
was made for drainage and irrigation. Healing was satisfactory. 

.SUM.MARV 

This study of 456 clean primary incisions and 86 reopened incisions 
supposedly clean, out of a total of over 800 operations performed in a 
field of air sterilized by bactericidal radiation, demonstrates ; 

1. Reduction in the number of postoperative wound infections of 
over 85 per cent. 

2. Elimination of the occasional death from wound infection. 

3. Reduction in the number of patients with a postoperative tempera- 
ture above 38 C. (100.4 F.) as follows: 

Thoracoplasties, from 68 to 30 per cent. 

Radical mastectomies, from 46 to 34 per cent. 

Inguinal herniorrhaphies, from 36 to 22 per cent. 

4. Reduction in the number of patients with a temperature elevation 
above 37.5 C. (99.5 F.) for more than four days after operation as 
follows : 

Thoracoplasties, from 78 to 22 per cent. 

Radical mastectomies, from 54 to 21 per cent. 

Inguinal herniorrhaphies, from 46 to 14 per cent. 

5. Improvement in wound healing. 

6. Lessened systemic reaction. 

7. Shortened convalescence. 

CONCLUSIONS 

The air in the operating room, as previously reported,- is highly 
contaminated with pathogenic bacteria. 

This air is an important source of contamination in ever}’’ operative 
wound. 
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Sterilization of the air in the operating room can be accomplished 
by means of bactericidal radiation, as previously reported. 

With meticulous operating room asepsis, development of a delicate 
atraumatic technic, the use of the least irritating suture material, and 
the elimination of air-borne contamination of the operative wound and 
sterile supplies by the use of bactericidal radiant energy, wound infec- 
tions in clean primary incisions may be almost eliminated. 

Bacteria from the hair follicles and glands in the skin, breaks in 
technic or blood-borne bacteria from a focus elsewhere in the body are 
at present the only sources of infection of clean operative wounds. 



END RESULTS IN CASES OF FIBROSARCOMA 
OF THE EXTREMITIES 


EDGAR M. BICK, M.D. 

NEW YORK 

Rules for the treatincnt of neoplastic disease must be based on care- 
fully considered case reports in which complete data on the pathologic 
picture, clinical development, course, history and end results, to the death 
of the patient or at least to the end of a five year follow-up, are 
available to the reporter. The inclusion of cases in which the original 
diagnosis was made b}' an unknown pathologist is subject to the criticism 
that the pathologist' may not have been expert in the diagnosis of 
tumor. The inclusion of cases dating to a previous decade is ques- 
tionable unless the early slides can be reviewed, since the classification 
of many tumors has undergone extensive change in recent years. 
Reports of diagnoses made after biopsy of material taken by means of a 
punch or by aspiration, without subsequent study of additional tissue, 
are of questionable value. When the cause of death within a five j^ear 
period is surmised or unknown the case should be excluded, since a 
patient with neoplastic disease may live for three years or more after 
operation and finally die from a cause unrelated to the tumor. The 
duration of tumor before operation must be known, since with the 
recent increase in “tumor consciousness” on the part of physicians and 
the laity the lesions are being seen in earlier stages than they were 
generally seen in the past. Prognosis may perhaps be comparatively 
more favorable for tumors of relatively recent occurrence. 

These difficulties are particularly significant when an attempt is made 
to formulate rules for the treatment of fibrosarcoma of the extremities. 
Such a tumor, while not rare, is not sufficiently common to furnish a 
large series of complete cases to any one author. The classification 
of the sarcoma group has until recently been almost chaotic. Pathologic 
interpretation of sarcoma tissue requires extremely careful consideration 
since for the most part such tissue does not present characteristic cell 
formation as does that of certain other common neoplasms. 

I have attempted to meet these requirements in a series of cases 
observed during the past five years. Complete data have been accumu- 
lated on 20 cases. Reports of 4 additional cases have been appended, 
for which five year end results or death have not been as yet recorded 

From the Orthopedic Service (Dr. S. Kieinberg) of the Hospital for Joint 
Diseases and the orthopedic service of the Mount Sinai Hospital. 
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but which have been followed to a point at which the course was in 
complete accord with that of the cases in the first series. Before the 
cases are listed a clear definition of terms must be offered. <• 

A fibroblastic tumor is a neoplasm of mesodermal origin, composed of cells 
whose ultimate function is the production of fibrous connective tissue. These 
tumors vary in structure within the limits of precursing tissue architecture and 
within the limits of adult connective tissue variations.^ 

In its malignant form such a tumor is designated by the term 
fibrosarcoma. Histologic variants, such as fibromyosarcoma, so-called 
angiofibrosarcoma and neurofibrosarcoma, present no differences in 
clinical development, subsequent course or response to treatment. (In 
order to avoid repetition the reader is referred to a previous paper for 
elucidation of these statements.-) 

REPORT OF CASES 

Case 1. — A woman aged 50 presented herself with a spindle cell fibrosarcoma 
on the foot, involving the subcutaneous fibrous tissue and tendon sheaths. The 
duration of the tumor was given as ten months. Attempts at aspiration had been 
made elsewhere on three occasions before her admission. The growth was increas- 
ing. A biopsy specimen was finally excised on March 9, 1933. Twenty-one days 
were spent in confirming the diagnosis. Amputation above the knee was performed 
on March 30. The lungs were not involved, as far as could be determined by 
roentgen study. The patient died May 25, about two months after the amputation. 
The lungs were apparently clear; at least, they were not grossly involved. There 
were metastases to the liver. 

Case 2. — A woman aged 21 came to the hospital with a fibrosarcoma originating 
in muscle or subsynovial connective tissue. The tumor was located chiefly within 
the gastrocnemius muscle, near the popliteal space. The primary tumor had been 
discovered in 1934, when it apparently had broken through to the subcutaneous 
tissue, presenting a visible mass. It was excised at that time. Subsequent observa- 
tion showed that the primary excision was probably incomplete. The tumor 
recurred to clinically observable proportions within a few months. Secondar}' 
excision was attempted in June 1935. A third excision for secondary recurrence 
was found necessary in January 1936. This was followed by high voltage roentgen 
irradiation, 200 kilovolts at a distance of 50 cm., filtered with 0.5 mm. of copper. 
Treatment was given for fifty days; three fields were used around the knee and 
lower femur. Two thousand roentgens was given to the posterior field, 2,000 to 
the inner field and 2,250 to the popliteal space. The treatments were given prac- 
tically daily in divided doses. Amputation was performed at the level of the 
upper part of the thigh on October 30. The patient died in April 1937. The lungs 
were roentgenologically normal before amputation but showed metastases before 
death. 

Case 3. — A man aged 50 presented a spindle cell fibrosarcoma on the anterior 
surface of the thigh, involving the fascial tissues. The duration of the tumor 

1. Bick, E. M. : Fibroblastic Tumors of the Extremities, Arch. Surg. 35:841 

(Nov.) 1937. __ 

2. Bick, E. M. : Fibrosarcoma of the Extremities, Ann. Surg. 101:7a9, ja. 



DICK—FIBROS.-iRCOM.l OF EXTREMITIES 


975 


was tlircc years. It had been excised twice during this period before tlic present 
admission. Atnputation was performed through the upper portion of the thigh in 
February 193-1. Roentgen examin.ation before tiic amputation showed no abnor- 
mality of the chest. The patient died from metastases in August. 

Case 4. — A man aged 48 presented himself with a spindle cell fibrosarcoma 
involving the fibula and the lateral surface of the leg. The tumor apparently 
originated from the periosteum. The duration of symptoms was three years. He 
had undergone primarj- excision before admission. Amputation at the lc\'el of 
the upper part of the thigh was performed in November 1936. The patient died 
early in 1937, Roentgenograms of the chest showed no abnormality before ampu- 
tation. The primary tumor had not been recognized as involving bone; hence 
it had been incompletely excised. 

Case 5. — A man aged 42 presented a spindle cell fibrosarcoma originating in 
the subsynovial connective tissue at the level of the knee. A primary tumor had 
been excised two years before the present admission. The present admission was 
for a first recurrence. Amputation at the upper part of the thigh was performed 
in August 1928. The patient was living and well in September 1935. 

Case 6.' — A woman aged 60 presented a spindle cell fibrosarcoma on the pos- 
terior aspect of the thigh, of fascial origin. The duration of the tumor was given 
as five months. The primary tumor was excised in September 1926; the first 
recurrent growth was excised in April 1927, and a second recurrent growth was 
declared inoperable in September. Roentgen examination showed metastases to 
the lungs in November. The patient died in Alarch 1928. 

Case 7. — A woman aged about 30 presented a spindle cell fibrosarcoma, possibly 
of nerve sheath origin, from the region of the shoulder, involving the subcutaneous 
connective tissues. It was excised in November 1929; the operation was followed 
by a course of irradiation. The patient was living and well in January 1936. 

• Case 8. — A woman aged 31 presented a fibrosarcoma of fascial origin in the 
thigh. The primary tumor appeared in 1924. It was excised and treated with 
irradiation, but it recurred. A second excision was performed in 1925, with further 
irradiation. The neoplasm again recurred; a third excision was performed in 
1926; further irradiation was given. In October 1927, after a fourth recurrence, 
the growth was declared inoperable. Two weeks before the last recurrence a tumor 
was found in the abdomen. The patient died in November 1927, of general 
sarcomatosis. 

Case 9. — A man aged 75 presented a spindle cell fibrosarcoma involving the 
deep connective tissue of the heel. The primary tumor was found in 1926 and was 
excised. It recurred immediately and was again excised; a further recurrence 
(present admission) took place during December 1928. The tumor was again 
excised. The patient died in February 1930, of general sarcomatosis. 

Case 10. — A man aged 52 had a pleomorphous fibrosarcoma involving the fascial 
and deep fibrous tissues of the forearm. The tumor had been present two 
years before this admission. Primary excision was performed in 1932 and was 
followed by irradiation. However, the dose was never over 750 roentgens in 
divided doses. Histologically the tumor was classified as a fibromyxomatous type 
of fibrosarcoma at that time. It recurred and was excised in 1933; further irradia- 
tion therapy was employed. It again recurred during 1936 and was again excised. 
A third recurrent growth, which developed in May 1937, was also excised. The 
patient has lived five years. Each recurrent tumor has shown a more malignant 
type of tissue. Amputation has been advocated but declined. 
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Case 14. — A girl aged 17 presented a vascular fibrosarcoma (so-called angio- 
fibrosarcoma or angiosarcoma) located subcutaneously on the foot at the site of 
a benign nevus. It had first been observed only two weeks previously. It was 
excised by endotherm knife in 1926. The patient was living and well in December 
1936. 

Case 12. — A woman aged 60 had a myxosarcoma involving the deep fascial 
tissues of the thigh, of six years’ duration. It was excised in July 1928. There 
was no recurrence when the patient was examined in December 1932. She died 
of an unrelated cause in February 1934, at the age of 66. 

Case 13. — A man aged 22 presented a spindle cell fibrosarcoma of the thigh, 
involving the deep fascial tissues. The growth was of four years’ duration. 
Excision had been attempted in November 1934 but was incomplete because of 
anatomic difficulties. Roentgenograms of the chest taken in October 1935 showed 
no abnormality. Amputation was refused by the patient. He died in 1936, of 
metastases to the lung. 

Case 14. — A man aged 24 had a spindle cell fibrosarcoma growing from the 
deep fibrous planes in the vicinity of the knee, of seven years’ duration. The 
primary tumor was excised in February 1934 because of recent acceleration in 
growth. It recurred, and a secondary excision was performed in November, 
followed by irradiation. Eight portals of entry were used. One thousand roentgens 
was given to each of the eight fields, at 180 kilovolts, filtered with O.S mm. of 
copper and 1 mm. of aluminum. The treatment was given over forty-seven days. 
The distance was SO cm. The patient died in December 1935, of mutiple metastases 
to the lungs, to the ribs and to the vertebrae. 

Case 15. — A man aged 35 had a fibrosarcoma of nerve sheath origin, attached 
to the sheath of the sciatic nerve. The duration of the tumor was given as four 
years. It was e.xcised in September 1930. The patient was living and well in 
June 1935. 

Case 16. — A man aged 52 had a fibrosarcoma of the thigh, attached to the 
periosteum of the femur. Its duration was given as one month. , It was excised 
in March 1933. The patient was living and well in November 1937, with no 
sign of recurrence. 

Case 17. — A woman aged 76 presented a polymorphocellular fibrosarcoma 
located in the fascial tissues of the thigh at the level of the upper third, of six 
months’ duration. It was excised in December 1927. There was no recurrence. 
The patient died of bronchopneumonia in August 1931. 

Case 18. — A woman aged 52 presented a fibrosarcoma of the fascial tissues 
and subcutaneous connective tissues of the leg. The duration of the lesion was 
given as one year. It was excised in January 1924. Amputation at the level of 
the midthigh was performed one week later. The patient was living in May 
1933 but had been admitted to another institution in January, because of chole- 
cystitis. Roentgen study at that time revealed metastases to the lung. No final 
pathologic study of these metastases was made. However, the patient was alive 
and well nine years after the excision of the original tumor, without recurrence. 

Case 19. — A woman aged 41 had a fibrosarcoma involving the connective tissues 
overlying the deltoid muscle. The duration of the tumor was two years. It was 
excised in Januarv- 1934. The patient was living and well in November 1937. 

Case 20. — A woman aged 39 presented a spindle cell myxofibrosarcoma located 
in the fascial tissues of the thigh. It was excised in November 1933. The patient 
was living and well in November 1937. 
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ADDENDA 

Case 21. — A man aged 50 had a spindle cell fibrosarcoma involving the 
gastrocnemius muscle. Its duration was given as nine months. It was excised 
in October 1932, but it recurred. A second excision was effected in December 

1933. The growth again recurred, and a third excision was performed in January 

1934, followed by irradiation. 

Case 22.— A woman aged 35 had a spindle cell fibrosarcoma of the thigh, 
involving the deep connective tissues outside the muscle pack. It had first been 
noted three years previously. It was excised in May 1934. The patient was living 
and well in November 1937. 

Case 23.— A man aged 34 had a spindle cell fibrosarcoma on the anterior sur- 
face of the leg, probably of periosteal origin. It had been present for two years. 
Amputation was performed in June 1935. The patient was living and well in 
November 1937. 

Case 24.' — A woman aged 31 presented a fibromyxosarcoma located on the 
leg, originating apparently from the interosseous fibrous tissue. Its duration was 
given as one and one-half years. It was excised in October 1928 and recurred 
with gradual acceleration. Amputation was performed in February 1936. The 
patient was living and well in November 1937. 


ANALYSIS OF CASES 

The clinical, developmental and pathologic characteristics of fibro- 
sarcoma of the extremities have been presented elsewhere by me and 
therefore need not be repeated here. The following analysis will be 
concerned only with the results of treatment in the 20 cases listed in the 
main series. 

Nine patients died as a result of neoplastic disease within a five 
year period. Eight patients (40 per cent) were alive without per- 
ceptible sign of recurrence or metastasis at the end of five years. One 
patient, a 76 year old woman, died of bronchopneumonia four years 
after primary excision, with no evidence of recurrence or metastasis 
of the tumor. Another patient died nine years after an amputation 
was done for neoplastic disease of questionable nature. A third patient 
is living at present, five years after the first excision, having suffered 
four recurrences treated by repeated wide excision and by irradiation. 
The later sections of tissue show an increasing degree of malignancy. 
In this case, while life has been extended to the time of writing, the 
disease has not been arrested. 

On 8 of the 9 patients who died within a five year period, two 
or more excisions had been performed — that is, one or more excisions 
of locally recurrent tumor before amputation was performed or the 
tumor declared inoperable. In another case (case 13) excision was 
incomplete because of anatomic considerations, and amputation, although 
advised immediately afterward, was refused. In the second exceptional 
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case (case 4) excision was also incomplete since the tumor had invaded 
the adjacent fibula, which was not resected at the time. Later ampu- 
tation did not save this patient. Hence, no patient lived after a recur- 
rence of the tumor when a second excision was performed. High 
voltage roentgen therapy, used in 6 cases, did not alter the course of the 
disease. (In 3 cases the type of irradiation was listed. In the other, 
precise radiotherapeutic data were not available.) Furthermore, for 
none of the patients who died within the five year period was ampu- 
tation performed before the appearance of local recurrence or at the 
time of local recurrence with the exception of the patients in cases 4 
and 13, in which primary excision was incomplete. 

Of the 8 patients alive without perceptible recurrence or metastasis 
at the end of five years, 5 were treated by complete surgical excision and 
1 by incision with the endotherm knife. In none of these cases did 
local recurrence appear. Another patient was treated by complete 
surgical exicision of the primary tumor, followed by amputation for a 
recurrence two years later. Still another patient was treated by com- 
plete surgical excision followed by irradiation. 

Of the 2 remaining patients, 1 (the patient in case 17) died of 
an unrelated cause four years after excision without evidence of recur- 
rence or metastasis. Another (the patient in case 18) was a woman 
aged 52 whose thigh was amputated after a primary excision and who 
remained alive and well for nine years. She was then admitted to 
another institution, at the age of 61, because of gastrointestinal symp- 
toms. A clinical diagnosis of cholecystitis was made. Roentgen studies 
revealed metastatic lesions in the chest. Autopsy was not performed. 
The origin or nature of the pulmonary metastasis was not determined. 
The lesions in this case cannot be ascribed to metastases from the 
amputated leg, occurring nine years later, although the possibility of 
its representing a single exception to the rule cannot be denied. This 
rule ^ is that the “expectancy of recurrence (in fibrosarcoma of the 
extremities) is highest in the first post-operative year and precipitately 
decreases after that.” 

In the 4 cases reported in the addenda, the tumor in case 21 
recurred after three excisions followed by irradiation; the patient in 
case 22 is living and well at the time of writing, three and one-half 
years after primarj" surgical excision, and the patient in case 23 is 
living and well two and one-half years after primary amputation. In 
case 24 a tumor was excised and recurred with a slow rate of growth. 
The limb was amputated eight years later. The patient is alive and 
well almost trvo years later. 
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COMMENT 

If histologic interpretation of the degree of malignancy of a given 
fibroblastic tumor were a matter of unquestionable accuracy, one could 
not avoid the conclusion that primary amputation is imperative in the 
treatment of fibrosarcoma of the extremities. Unfortunately, however, 
pathologic diagnosis “is not a factual statement; it is an intei'pi'etation 
of histologic appearance and must be so regarded. . . ^ Except for 

the general proposition that cellular tissues are more apt to be rapidly 
malignant than are I'clativcly acellular tissues, I have not been able to 
establish any correlation between the histologic structure of a fibro- 
blastic tumor and its relative malignancy. Hence, the appearance of 
some degree of cellularity or malignancy in a tissue reported as fibro- 
sarcoma does not mean that the involved limb must be sacrificed to 
save life. There are listed in this report 7 of 20 cases in which 
no recurrence appeared within five years after local excision. Further- 
more, no patient whose condition was not complicated died after a 
primary complete excision of a fibrosarcoma of the extremity before the 
appearance of a local recurrence. Two patients lived five years after 
amputation for a first local recurrence, and at the time of writing 
another patient has lived almost two years after amputation for a first 
recurrence. 

Each case of fibroblastic tumor of an extremity presents an indi- 
vidual problem. Is the tumor benign? If it is borderline or obviously 
malignant, what is its virulence? Is it necessary to amputate? Is 
irradiation necessary ? Can one afford to excise the tumor and continue 
observation for recurrence? The present work has been carried on for 
the past six years in the hope of answering these questions. On the 
basis of 20 complete and 4 partially complete cases carefully studied the 
following answers are submitted. 

CONCLUSIONS 

1. For any fibroblastic tumor of the extremity for which complete 
surgical excision of a primary lesion is anatomically feasible such treat- 
ment is indicated. By complete surgical removal is meant not only 
removal of the visible tumor tissue but removal of enough of the sur- 
rounding normal structure to make sure that there is no residue. The 
extent of the excision cannot be measured in centimeters; it must 
remain a matter of surgical judgment. 

2. When complete surgical excision is not anatomically feasible, 
amputation of the limb is imperative at the time the primary tumor is 
judged malignant by competent stud)’’ of the gross specimens in situ 
and by microscopic study of adequate tissue. This is true regardless of 
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the degree of malignancy as judged by the pathologist. It will be 
found that many fibrosarcomas of the deep fascial tissues of the thigh 
or fibrosarcomas originating in the periosteum of the femur fall within 
this category; that is, their complete surgical removal is difficult to 
assure. 

3. Amputation is imperative at the first sign of recurrence of a 
fibrosarcoma. 

4. Irradiation technic as applied up to this time has not been proved 
to alter the eventual outcome in such cases. Fibrosarcoma is resistant to 
present day radiotheraov. 



SENSITIZATION AND DESENSITIZATION OF 
RABBITS TO HETEROPLASTIC TRANS- 
PLANTS OF THYROID TISSUE 


J. DEWEY BISGARD, J^r.D. 

OMAHA 

In man isolransplants transferred directl}' without conditioning the 
donor, the recipient or the transplant seldom if ever survive permanently. 
Many such grafts take temporarily, for periods of three to five weeks, 
and then disintegrate and disappear. This phenomenon has been 
attributed to chemical incompatibility, and Flolman ^ has presented evi- 
dence that it is based on the development of sensitization of the recipient 
to the foreign tissue. He reported the case of a child who received skin 
grafts from his mother on two occasions with a few days intervening. 
Both belonged to the same blood group. Two weeks after the second 
grafting, not only did the new epithelium which had spread from the 
grafts and had nearly covered the surface of the granulations melt away 
leaving only the original grafts, but symptoms of a generalized allergic 
reaction developed. These symptoms, fever, tachycardia, generalized 
e.xfoliativc dermatitis or eczema and mclena, persisted until the original 
grafts were removed from the surface with a curet. They then rapidly 
disappeared. Various attempts to develop a method of adapting the 
donor, the recipient or the grafts themselves have been made. Among 
methods investigated are preliminary transfusions of blood and injections 
of tissue extracts, and more recently tissue culture has been studied by 
Stone, Owings and Gcy." 

With the exception of skin grafts, the transplants in these studies 
have been buried in muscle or other tissues where encapsulating and 
invading fibrous tissue has undoubtedly influenced the fate of the grafts. 
In the investigation reported below the transplants were cultured in the 
anterior chamber of the eye, and this location was selected because it 
has been observed in my similar previous studies “ that much less fibrosis 
occurs in tissue cultured in the anterior chamber. 

From the Departments of Surgery and Physiologj', School of Medicine, Uni- 
versity of Nebraska. 

1. Holman, E. : Protein Sensitization in Iso-Skingrafting, Surg., Gynec. I'i 
Obst. 38:100 (Jan.) 1924. 

2. Stone, H. B.; Owings, J. C, and Gey, G. O. : Transplantation of Living 
Grafts of Thyroid and Parathyroid Glands, Ann. Surg. 100:613 (Oct.) 1934. 

3. Bisgard, J. D.: Ossification, Arch. Surg. 33:926 (Dec.) 1936. 
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Thyroid and in a few instances ovarian and uterine tissues were 
used for transplants. These tissues were used for the reasons that they 
can be identified readily, that their states of cellular activity are reflected 
to some extent histologically and that some criteria of function of the 
transplants can be ascertained. Function can be determined in the case 
of thyroid transplants by the failure of evidence of thyroid deficiency 
to develop in totally thyroidectomized animals and in the case of utero- 
ovarian transplants by their reaction tO' estrogen from the urine of 
pregnant women injected intravenously. In contradistinction to those 
in man, heterotransplants in rabbits take readily and apparently func- 
tion. However, as shown in the following experiments, these animals 
can be sensitized and desensitized to an individual transplant of tissue. 

EXPERIMENTS 

In 111 rabbits thyroid tissue was transplanted to the anterior chambers of 
both eyes. The technic has been described in a previous publication,® Immediately 
after removal, the tissue was cut into small bits with a sharp knife, the usual 
precautions being exercised to avoid trauma, drying and cooling. These frag- 
ments were gently threaded into the shaft of a large caliber needle, which was 
gently forced into the anterior chamber, entering it at the limbus. With the 
needle in place, the tissue was pushed from the shaft by means of a stilet and 
deposited in the anterior chamber. By this procedure, only avascular tissue is 
traumatized and there is no bleeding. Consequently, there is no interference 
with the “taking” of the graft by interposition of a hematoma. The transplants 
rapidly establish vascular communications with the iris. 

All animals which received thyroid transplants were totally thyroidectomized 
either before or within a few days after transplantation. As stated previously, 
this was done to test the function of the grafts, which if functionally active 
would prevent signs and symptoms of hypothyroidism from developing. These 
signs are dry scaly skin, loss of most of the hair, some loss of weight, letbarg}' 
and hypochromic macrocytic anemia. Determinations of hemoglobin and erythrocyte 
counts were made on all animals before death except those which died spontaneously. 
These signs, it was found in a previous hematologic study ^ on totally thyroid- 
ectomized rabbits, developed in 75 per cent of the animals and appeared from 
eight to ten weeks after total thyroidectomy. The experiments fall into several 
groups, which will be outlined here and classified in the table. Several grafts were 
lost through infection of the eyes or inability to locate the grafts at autopsy 
or in sections, and some were discarded because the animals into which they 
had been placed died in less than twelve weeks after transplantation. 

Group 1: Autogenous Transplants . — Autogenous grafts of thyroid tissue were 
made to both eyes of 4 animals. Examined from fifty-two to one hundred and 
sixty-eight days later, 7 of the 8 grafts were found attached to the iris, and 
the tissue of each graft not only was viable but appeared to be hyperplastic. As 
evidence of hyperplasia the follicles were small and lined with tall cuboidal epi- 
thelium, and there was more than a normal quantity of lymphoid tissue. In a 
few areas thyroid tissue was missing and replaced by fibrous tissue. Since 

4. Sharpe, J. C, and Bisgard, J. D. : The Relation of the Thyroid Gland to 
Hematopoiesis, J. Lab. & Gin. Med. 21:347 (Jan.) 1936. 
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signs of myxedema did not develop in any animal in this group and since the 
transplanted tissue in each instance was hyperplastic, it would appear that the 
grafts functioned. 

Group II: Isotransplauts in Litter Males. — In the second group transplanta- 
tions were made directly to litter mates. Nine animals were used, and of the 
18 transplants 12 survived, 3 were necrotic and 3 could not be found in the 
tissue removed at autopsy. The transplants were recovered for microscopic 
examination from forty-two to one hundred and sixty-six days after transplanta- 
tion. In 2 animals no viable transplants were found, and in 1 of these signs of 
myxedema developed. With only 1 exception, the viable transplants found 
showed evidence not only of functional activity but also of hyperplasia. Photo- 
micrographs of 1 of these transplants appear in figure 1. 

In 4 rabbits segments of uterus and ovary from litter mates were transplanted 
to both eyes. At the same time these animals were totally oophorectomized. Six 
transplants survived and were histologically viable, as shown in photomicrographs 
in figure 2, and apparently were functioning one hundred and fifty-seven or one 
hundred and fifty-nine days after transplantation. In 1 animal both grafts had been 
replaced by connective tissue. On two occasions, sixty and one hundred and 
thirty-two days after transplantation, 15 cc. of urine from pregnant women was 
injected intravenously. Within thirty-six hours the eyes containing viable trans- 
plants became slightly injected and began to lacrimate. Some free blood appeared 
in the anterior chambers, and the transplants reacted as did those described 
by Allen and Priest.** The ovarian grafts enlarged to several times their original 
size, and their color changed from pale ivory to bright cherry red. Some tissue, 
presumably uterine, became pink. After forty-eight hours the reaction gradually 
regressed, and the ovarian transplants became salmon colored and finally ivory 
gray. 

From these observations it would appear that heterotransplants in 
the rabbit not onl)*' survive transplantation in a large percentage of 
instances but also continue to function. 

Group III: Isotrausplants from Different Species of Rabbits. — Five albino 
rabbits received transplants from Belgian hares. Examined eighty-six to two 
hundred days later, 1 graft had been replaced by fibrous tissue and 5 were 
viable. Two of these showed hyperplasia. In 2 animals and in 1 eye of a third 
no thyroid tissue was found, probably as a result of inability to locate grafts 
in 3 eyes, loss from infection in 1 and loss from necrosis in 1. Myxedema 
developed in 1 rabbit. Thus 5, or SO per cent of the total and 83 per cent of the 
6 grafts recovered, survived and presumably functioned. 

Group IV: Isotransplants of Thyroid Tissue of Dogs to Rabbits. — Four rab- 
bits received transplants of thyroid tissue from dogs. At autopsy fifty-seven or 
one hundred and forty-four days later, no grafts could be found in 4 eyes. 
In the other 4 there was only necrotic and fibrous tissue. All eyes showed 
moderate inflammation for some time after transplantation. In all but 1 of these 
rabbits signs of myxedema developed. Thus there was both histologic and 
physiologic evidence that the grafts had failed to survive. 

Group V: Isotransplants After Sensitisation and Desensitisaiion of the 
Recipient by Injections of the Donor’s Blood. — A. Massive Injections of Blood 

5. Allen, E., and Priest, F. O. : Physiological Response of Ectopic Ovarian 
and Endometrial Tissue, Surg., Gynec. & Obst. 55:553 (Nov.) 1932. 
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from the Donor of the Tissue Before Transplantation: Eight rabbits were given 
10 cc. of blood in one injection (some intravenously) and one, two, three and 
six days later received transplants of thyroid tissue from the animals from which 
they had received blood. When they were examined, from one hundred and 
eleven to one hundred and forty-two days subsequently, no viable transplanted 
tissue was found. In IS instances it appeared that the grafts had become necrotic 
and been replaced by fibrous tissue. In 5 of the 8 animals myxedema developed. 

B. Repeated Small Injections of the Donor’s Blood: Nine rabbits were given 
daily injections of 0.4 cc. of laked blood (composed of equal parts of wafer and 
blood) intramuscularly for periods as listed and then received thyroid transplants 
from their respective donors of blood. Autopsies were performed on the animals 
from sixty-nine to one hundred and fifty days later. 

1. Four received daily injections for one week; no viable thyroid tissue was 
found, and 5 grafts had been replaced by fibrous tissue. In 2 of the rabbits 
mj'xedema developed. 



Fig. 1 . — A and C, rabbit 43, group II, isotransplant of one hundred and nineteen 
days, showing e^ddence of hyperplasia as compared to B and D, normal thyroid 
tissue of a rabbit. Note that the follicles are smaller and more numerous and 
closely packed, the epithelial cells larger and more cuboidal and the interstitial 
tissue much diminished. There was also an abnormal abundance of lymphoid 
tissue, which is not apparent in the field photographed. 








988 


ARCHIVES OF SURGERY 


2. Three rabbits had daily injections for two weeks. No viable transplants 
were found, and in 5 instances the grafts had been replaced by fibrous tissue. 
Myxedema developed in all 3. 

3. Two rabbits received daily injections for four weeks, and in 1 both 
transplants were not only viable but hyperplastic. No signs of hypothyroidism 
developed in either animal, the takes representing SO per cent. 

C. Repeated Small Injections of the Donor’s ’Blood from Dog to Rabbit: 
Two rabbits were given daily injections of laked blood for twenty-five days 
from a dog from which they then received thyroid transplants. None of the 4 
grafts survived, and the tissue fifty-five and eighty-six days, respectively, after 
transplantation was almost entirely necrotic and surrounded by inflammatory tissue. 
In neither rabbit, however, had myxedema developed. 

D. Massive Injections of Blood from the Donor of the Tissue After Trans- 
plantation : After receiving transplants 7 rabbits were given 10 cc. of whole blood 



Fig. 3. — Drawing of a utero-ovarian transplant in the anterior chamber, showing 
the reaction to the injection of IS cc. of urine of a pregnant woman. (Allan and 
Priest have reported identical observations.) Note the injection of the iris and 
the hemorrhage into the chamber. The blushing of the transplant cannot be shown. 
In the same way transplants of thyroid tissue became attached to the iris and from 
it received their blood supply. 

intramuscularly in a single injection from the animals from which they had 
received the grafts. These injections were given as follows : 

1. Ten cubic centimeters of whole blood to each of 3 rabbits five daj's after 
transplantation. Two grafts were viable two hundred and forty-eight days 
later; 2 were replaced by fibrous tissue, and 2 could not be found, when the animals 
were examined one hundred and thirty-six and one hundred and twenty days later, 
respectively. In 1 rabbit myxedema developed. 

2. Ten cubic centimeters to 1 rabbit three weeks after grafting. Both grafts 
were replaced by fibrous tissue. 

3. Ten cubic centimeters to each of 3 rabbits six weeks after transplantation. 
In 1 both grafts survived and were hyperplastic. In each of the other 2 the tis- 
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sue had been absorbed and replaced b}’ fibrous tissue, and in both signs of myxedema 
developed. 

In this series 29 per cent of the grafts survived. 

From this group of experiments it appears that preliminary injec- 
tions of blood either in a single massive dose or in repeated small 
injections over a period of less than three weeks serves to sensitize the 
recipient to the tissue of the donor of the blood, and the grafts fail to 
take. If the daily injections are continued for three weeks or longer 
sensitization is lost and the grafts take in a normal percentage of 
instances. Blood administered after the transplants had established 
vascular attachments seemed to have exerted a similar influence, though 
less consistently. 

Group VI: Isoirausplants After Sensitioation and Desensitisation of the 
Donor of the Grafts by Injections of Blood from the Prospective Recipient . — 
The experiments parallel those of the preceding group with the exception that 
blood was transferred from the recipients to the donors of the grafts rather than 
from the donors to the recipients. In other words, the grafts were subjected in 
their normal habitat to the influence of blood from their future hosts before 
they were transplanted. In the preceding group the grafts were subjected to no 
influence before transplantation, but the hosts were prepared in advance of receiv- 
ing the grafts. 

The results in this group likewise paralleled those in the preceding group. 
Of the 10 grafts from 5 animals which received daily injections for periods of 
one and two weeks, only 1 survived transplantation, and the epithelial tissue in 
this instance appeared to be inactive. In this animal and in 3 of the other 4 
myxedema developed. Of the 4 grafts from 2 rabbits which received daily injec- 
tions for four weeks, 1 survived and was definitely hyperplastic. Two grafts could 
not be found, and 1 had become necrotic and been replaced by fibrous tissue. 
Myxedema did not develop in either animal. 

Group VII: Isotransplants After Sensitisation and Desensitisation of Both 
the Donor and the Recipient of the Grafts by Injections of the Donor’s Blood 
to the Recipient and of the Recipient’s Blood to the Donor. — In the seventh group 
of experiments the procedures carried out in the two preceding groups were 
combined. In other words, not only were the grafts subjected to the influence 
of blood from their future hosts before they were transplanted, but the hosts 
likewise were subjected to the influence of blood from the donors of the grafts 
before receiving them. Twenty rabbits were so treated. Six of them, 3 donors 
and 3 recipients, received daily injections for one week; an equal number, for 
two weeks, and 8, 4 donors and 4 recipients, for four weeks. Only 1 of the 20 
grafts survived; the donor and the host of this graft had received injections for 
four weeks. The tissue was definitely hyperplastic, and hypothyroidism did 
not develop in its host, as it did in S of the 10 animals. 

Group VIII: Isotransplants After Injections of Nonspecific Blood.—Smca, 
as noted in the foregoing experiments, preliminary injections of specific blood 
altered the fate of the grafts, the eighth group had for its purpose a test of 
the influence of nonspecific blood, that is, the influence of small daily and of 
single massive doses of blood from rabbits which were in no other way related to 
the experiment. The donor of the grafts neither gave nor received blood.^ In the 
3 animals which received nonspecific blood for one week 3 grafts survived; in 




Fig. 4. — Rabbit 88, group VI, isotransplant of one hundred and twenty-one days 
showing inactive disintegrating thyroid tissue. Only a few follicles lined with flat 
epithelial cells remain. Most of tlie tissue has undergone necrosis and has been 
replaced by fibrous tissue. In this animal myxedema developed, an indication that 
the transplant was functionally inactive. 
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the 2 which received it for two weeks 2 survived, and in the 2 which received 
10 cc. of whole nonspecific blood seven days after transplantation 3 grafts 
survived and 2 were hyperplastic. No myxedema developed in this group, although 
no viable grafts were found in 2 of the rabbits. It appears that nonspecific blood 
exerted little or no influence on the grafts. Fifty-seven per cent of the grafts 
survived. 

Group IX: Transplants of Human Thyroid Tissue to Rabbits. — In many rabbits 
of the ninth group rather severe reactions of the eyes developed, and many of 
them died while receiving injections of blood or within six weeks from the time 
they received the grafts. The results in this group are based on animals which 
received no injections of blood and on 4 which survived daily injection of blood 
from the human donors for four weeks. No viable thyroid tissue was found in 
any of the postmortem specimens, but in most instances there was necrotic tissue 
accompanied by slight to moderate inflammatory reaction. Only 1 rabbit lived 
long enough for myxedema to have developed, and it failed to do so. 

Group X: Isotransplants After Preliminary Infections of Extracts of the 
Donor’s Tissue. — In the final experiment one lobe of the thyroid gland was 
removed from each prospective donor of tissue and macerated ; a saline extract 
was then made of it. The entire extract in each instance was proportioned and given 
in daily intramuscular injections for periods as outlined. At completion of injec- 
tions the remaining lobe of the thyroid was removed from each donor and 
transplanted to the respective recipient of the tissue extract. Three rabbits received 
daily injections for one week, and of the 6 transplants 1 survived and was 
hyperplastic and 2 necrosed and were replaced by fibrous tissue. In 1 animal 
myxedema developed. Eight rabbits had daily injections for two weeks, and of the 
16 grafts 3 survived and 10 had become necrotic and been replaced by fibrous 
tissue. The 3 surviving were hyperplastic. In 3 animals signs of myxedema 
developed. Four rabbits were given daily injections for twenty-two days. Five 
of the 8 grafts survived and 4 were hyperplastic. Three had undergone necrosis. 

These results suggest that, as in the case of specific blood, the tissue 
extracts sensitized the animals when administered for less than three 
weeks but failed to do so when given for a period of three weeks or 
longer. 

COMMENT . 

It is of interest that an analysis of the results of this investigation 
shows that transplanted th3^roid tissue, though nonviable, delayed the 
onset of h3'pothyroidism in totally th3Toidectomized animals. As has 
been stated, it was found in a previous study that in approximately 75 
per cent of totally th3Toidectomized rabbits signs of thyroid deficiency 
develop and that these signs appear within eight or ten weeks after 
expiration of the gland. Of the rabbits which received transplants 
of thyroid tissue after total thyroidectomy, signs of thyroid deficiency 
developed, with 1 exception, only in those in which the grafts failed to 
surrdve. Signs of hypothyroidism in animals with nonviable grafts, 
however, appeared not earlier than twelve weeks from the date of 
thyroidectomy. It would appear, therefore, that the onset of hypo- 
thyroidism was delayed by the presence of the grafts despite their 
failure to surwve. Two explanations are possible. Either the grafts 
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had a temporary take, during which period they functioned, or there 
was inherent in the tissue and absorbed from it sufficient thyroid 
principle to delay the onset of signs of deficiency for two or more weeks. 

CONCLUSIONS 

1. In rabbits heterogenous as well as autogenous grafts not only 
take in a large percentage of instances but also apparently function. 

2. With few exceptions, single massive injections or small daily 
doses of blood from recipient to donor or vice versa or a combination 
of both over a period of less than three weeks rendered the recipient 
or the graft itself sensitive or at least resulted in failure of the graft to 
take. Although the few exceptions appear to be inconsistencies, they 
may in reality represent a higher degree of compatability in those par- 
ticular animals. If the small daily doses were continued for three weeks 
or longer, desensitization took place or at least there were takes in a 
much larger percentage of instances; the percentage was smaller, how- 
ever, than in the animals which received no blood. 

3. Thyroid tissue from dogs transplanted to rabbits failed to survive 
under any circumstances, including daily doses of blood from the canine 
donors of the tissue for as long as twenty-five days before transplan- 
tations were made. 

4. Administration of nonspecific blood, that is, blood taken from a 
third animal, which was otherwise unrelated to the experiment, did not 
appear to influence the grafts. The percentage of takes and the condi- 
tion of the grafts were comparable to those in animals which received 
no blood. 

5. Human grafts in rabbits uniformly failed to survive. Preliminary 
daily doses of the donor’s blood for as long as twenty-eight days seemed 
not to alter the fate of the transplants. Even the rabbits failed to sur- 
vive very long. Several died while receiving blood, and the survivors 
died within a few weeks after receiving the grafts. The eyes of the 
hosts showed rather marked inflammatory reactions both grossly and 
microscopically. 

6. As in the case of blood, preliminary administration of an extract 
of a graft for periods of less than three weeks sensitized, and for 
longer periods desensitized, the recipient or at least altered the per- 
centage of takes accordingly. This effect, however, was less consistent 
than in animals given blood. 

Dr. P. C. Tollman, Assistant Professor of Clinical Pathology-, University of 
Nebraska," examined histologically and gave his opinion on all grafts recovered. 
Drs J M Ferris and E. L. Boegler assisted with the preparation of the animals 
and the conduct of the experiment. Miss Mildred Braden prepared the tissue 
sections for histologic examination. 



ATYPICAL CARCINOMA OF THE LARGE INTESTINE 


JACOB RABINOVITCH, M.D. 

AND 

MAX LEDERER, M.D. 

BROOKLYN 

The present study was undertaken primarily in order to supply 
clinical data supported by pathologic findings on the existence of malig- 
nant tumors of the large intestine which pursue an atypical course and 
render clinical diagnosis difficult. The classic syndrome of constipa- 
tion alternating with diarrhea, blood in the stools, loss of weight and 
palpable abdominal tumor leads one to suspect carcinoma of the large 
howel, but it does not cover the entire situation. By no means do all 
malignant tumors of the colon present this syndrome. Autopsies 
repeatedly disclose the fact that many such tumors are symptomatically 
silent throughout life ; on the other hand, they do at times initiate acute 
symptoms which threaten the life of the patient unless they are accu- 
rately diagnosed and prompt, efficient treatment is rendered. The 
present investigation covers 45 necropsies at which unusual types of 
carcinoma of the large intestine were observed. The cases reported 
have been selected from the records of the Jewish Hospital of Brooklyn. 

Age and Sex . — The ages of the patients in this series ranged from 
28 to 82, averaging 55. The age period of greatest frequency was from 
45 to 65 years. In 29 cases, or about 64 per cent of the total number, 
the lesions occurred in these two decades, and in 40 cases, or about 
90 per cent, they occurred between the ages of 39 and 71. These figures 
are in accord with the records collected from the literature, and they 
are also in harmony with the general incidence of cancer in any organ 
of the body. There were 21 males and 24 females, a ratio of approxi- 
mately 1:1, with a slight preponderance of female patients. 

Pathogenesis . — Twelve patients in this series, or 27 per cent of the 
total number, presented (in addition to carcinoma) single or multiple 
polypoid growths in the large bowel. The frequency with which polyps 
appear in the colon is in itself sufficient justification for the prolonged 
investigations of conditions of that region which might be thought to 
predispose to carcinoma. It is claimed by many that there exists a 
direct relation between the presence of polyps and the occurrence of 
carcinoma of the large bowel. According to Rankin : ^ 

From the Department of Pathology- and Surgerj-, the Jewish Hospital. 

1. Rankin, F. W., and Grimes, A. E.: Diffuse Adenomatosis of the Colon. 
J. A. lit. A. 108:711 (Feb. 27) 1937. 
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Polyps of the intestine are usuailj’ multiple and widely distributed, often 
extending from the anus to the cecum, but having a tendency to appear approxi- 
mately eight times more frequently in the rectosigmoid and rectum than in any 
other section of the colon. This is particularly significant in the light of the 
similar occurrence and ratio of the distribution of cancer of the colon and 
immediately suggests a relationship. 

The best proof of the association of polyps with carcinoma of the 
bowel would be the development of carcinoma on a neglected polyp or 
a polyp which has been kept under observation ; this has been reported 
hy numerous observers. Erdmann and Morris ^ have repeatedly been 
able in a study of gross specimens in their cases to demonstrate in the 
same gross specimen all morphologic gradations, from simple polyps, 
through early infiltrative tendencies, up to frank and unquestioned 
adenocarcinoma. The practical difficulty, however, lies in the fact that 
such a lesion when observed is not likely to be left untreated with this 
possible risk, so that the sequence of events is often difficult to prove. 
It is likel}'' that when carcinomatous changes do occur the process spreads 
so rapidly by the inherent penetrative malignancy of the affected cells 
that it soon blots out any precancerous appearance wliich might have 
been present. Allowing for these reservations, it is likely that polyps 
of the large bowel may be considered the pathologic connecting link 
between benign neoplasms on the one hand and carcinoma on the other 
and that it is in the large proportion of cases in which polyps develop 
that carcinoma is most likely to occur. The practical importance of this 
does not need stressing. If the physician can identify polypoid changes 
which are not yet carcinomatous but are likely to proceed in that direc- 
tion, early removal of the growth will save the patient from the terrors 
of cancer; this represents prophylactic surgical intervention in the best 
sense. Unfortunately, however, one is handicapped at the outset by 
the fact that one may be dealing with a process unapproachable by the 
ordinary route, so that efficient surgical treatment is hazardous. 

It is believed that intestinal irritation resulting from chronic inflam- 
mation, such as is seen in cases of chronic colitis, dysentery or 
tuberculosis, may also be a predisposing factor in the development of 
carcinoma of the colon. According to Erving, the transition from simple 
inflammatory hyperplasia to a tumor which is morphologically, patho- 
logically and clinically adenoma or carcinoma, can clearly be demon- 
strated. Frequently, a polypoid growth will develop at the site of a 
chronic inflammation of the colon, and this in turn may eventually 
give origin to a cai'cinomatous growth in the bowel. Irritation of the 
large bowel may also result from prolonged and continuous stagnation 

2. Erdmann, J. F„ and Morris, .1. H.: Surg.. Gyncc. & Obsf. 40:460 (April) 
1925. 
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of dried intestinal residue, such as is likely to occur in cases of chronic 
constipation ; this in turn may pave the way in certain cases for develop- 
ment of malignant neoplastic changes of the bowel. 

Location and Pathologic Picture . — Table 1 shows the various loca- 
tions of malignant tumor in our series and needs no special comment 
except emphasis of the fact that in 26 cases, or 58 per cent of the total 
number, the rectosigmoid alone was involved. 

Furthermore, the occurrence of polyp of the colon was most frequently 
observed in association with carcinoma of the rectosigmoid, which again 
emphasizes the close relation probably existing between polypoid growths 
and carcinoma of the colon. Most of the carcinomas observed in this 
series were of the cylindric cell type with a tendency toward adenoma- 
tous formation. Many of the growths were bulky and cauliflower- 
like, projecting into the lumen of the intestine on the one hand and 
on the other infiltrating the depths of the wall. Ulceration and necrosis 


Table 1. — Location of Lesion 


Site of Lesion 

Total Number 

Percentage 

Cecum 

4 

9.0 

Cecum and ascending colon 

1 

2.2 

Cecum and transverse colon 

3 

2.2 

Ascending colon 

3 

6.6 

Hepatic flexure 

2 

4.4 

Transverse colon 

5 

33.1 

Splenic flexure 

3 

6.6 

Rectosigmoid 

26 

58.0 


were common features of such tumors, and in a number of instances 
the necrosis involved the entire thickness of the wall, resulting in per- 
foration and in the spilling of intestinal contents into the peritoneal 
cavity. This, in turn, led to the development of either local or general- 
ized peritonitis. It may be of interest in this connection to cite several 
cases which have been observed in this hospital. 

REPORT OF CASES 

Case 1. — The patient was a woman aged 29, who was admitted to the hospital 
because of acute generalized abdominal pains of one week’s duration. She had 
apparently been in good health prior to this attack. Physical examination at the 
time of her admission revealed a very sick woman. The abdomen was distended, 
rigid and tender. A diagnosis of general peritonitis, probably caused by rupture 
of the appendix was made. At operation the peritoneal cavity was found to be 
filled with purulent material, and consequently no attempt was made to ascertain 
the primary site of the lesion. The peritoneal cavity was drained, but the patient 
died shortly afterward. At necropsy the peritoneal cavity was observed to be 
filled with pus. The sigmoid flexure was the seat of a large, ulcerative cauliflower- 
like mass with a large central perforation through which seepage of intestinal 
contents took place into the free peritoneal cavity. Microscopic examination of the 
tumor proved it to be an adenocarcinoma. 
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forated bowel and the involved viscus. Several such instances occurred 
in our series, some of which will be cited as examples. 

Case 5. — A 59 year old man was admitted to the hospital because of pain, 
nausea, vomiting and extreme weakness. He died within a short period, and 
at autopsy two separate carcinomatous growths were observed, one in the cecum 
and the other in the transverse colon. The carcinoma in the cecum had perforated 
into the stomach, producing a fistulous communication between these two organs. 

Case 6. — The patient was a man aged 44, who for ten days prior to his 
admission to the hospital had been complaining of abdominal pains, nausea, vomit- 
ing and weakness. He had episodes of rectal bleeding at varying intervals. On 
examination the patient appeared acutely ill; the abdomen was tense and trans- 
mitted a sense of fulness to the examining hand. He died within a short period 
after entering the hospital, and at autopsy a carcinoma of the splenic fiexure was 
observed. It had perforated into the stomach, producing a gastrocolic fistula. 
Widespread metastases to the liver, the spleen and the thoracic duct were observed, 
together with diffuse chylous peritonitis ; the latter condition was due to obstruc- 
tion of the thoracic duct by tumor tissue. 

Case 7. — Perhaps one of the most interesting cases of this group is the 
following: A man aged 54 was admitted to the hospital with a complaint of 
cutting, burning and pressing pains in the pelvis; these pains were aggravated 
on urination. The symptoms had been present for four months. The patient had 
been apparently well until six months prior to admission, when he strained con- 
siderably at stool and passed a small amount of feces stained with blood. The 
blood continued to appear in the stools for one week and then stopped. During 
the next two months he remained well except for constipation, for the relief 
of which he had to use a considerable amount of liquid petrolatum and castor 
oil. Four months prior to admission he was suddenly seized with a cutting and 
burning pain along the penile portion of the urethra; this pain was much worse 
on urination. He had considerable difficulty in starting the urinary flow, and 
he began to note for the first time the passage of blood and fecal matter in 
the urine. 

On examination at the time of admission the patient was well developed and 
fairly well nourished and did not appear acutely ill. The abdomen was scaphoid 
and soft; a sausage-shaped tumor was palpable in the left lower abdominal 
quadrant. Rectal examination showed the vesical wall thickened and indurated, 
and a soft mass could be felt between the bladder and the anterior wall of the 
rectum. A cj'stogram showed a free communication between the posterior aspect 
of the bladder and the anterior surface of the sigmoid. A sigmoidoscopic examina- 
tion proved entirely unsatisfactory. Cytoscopic examination showed intense 
generalized C3'stitis in addition to a large tumor, irregular in outline, situated at 
an area covering the left lateral wall, the posterior wall and the roof of the 
bladder. The top surface of the vesical tumor showed some degree of necrosis. 
Surgical inten-ention was felt advisable, and at operation the sigmoid flexure 
was removed together with the bladder, in one mass. The patient, however, 
failed to recover from the operation and died soon afterward. Pathologic e.xamina- 
tion of the specimen revealed an ulcerating carcinomatous growth of the sigmoid 
flexure, which had perforated into the bladder, producing a fistulous tract 
between the two organs. A secondary metastatic growth was observed, involving 
the posterior wall of the bladder. Microscopic e.xamination of tumor tissue 
recovered from both the bladder and the sigmoid flexure showed it to be an 
adenocarcinoma of intestinal origin. 
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Case 8. — ^Another case, somewhat similar to case 7, is the following: A 
52 year old woman had progressive dj^suria for four months. She did not complain 
of symptoms referable to the intestinal tract. On admission to the hospital she 
appeared well developed and rather obese. There was tenderness in both flanks 
and in the suprapubic region. Rectal and vaginal examinations gave negative 
results. The urine gave a 3 plus reaction to the test for albumin. The sugar 
content of the urine was 1.5 per cent, and clumps of pus and numerous red 
blood cells were present. The blood count showed: hemoglobin, 90 per cent; 
erythrocytes, 4,500,000; leukocytes, 9,900, and polymorphonuclears, 80 per cent. 
The sedimentation rate of the blood was 80 mm. in one hour. The reaction of the 
stools to the guaiac test was negative. There was 20 cc. of residual urine in the 
bladder. Culture of the urine showed Bacillus coli; the phenolsulfonphthalein test 
showed excretion of 69 per cent in two hours. Cytoscopic examination revealed 
marked cystitis in addition to a large globular mass occupying the right upper vault 
of the bladder. A biopsy of material from the mass was done, and the pathologic 
findings were those of an adenocarcinoma, probably of intestinal origin. A cysto- 
gram and aerogram showed a large filling defect in the vault of the bladder. 
At operation a large encircling carcinoma of the sigmoid flexure was found; 
it had invaded the bladder and the surrounding structures by direct continuity, 
forming a large frozen and inoperable pelvic mass. There were also a few 
metastatic nodules in the liver. 

This case illustrates the complete lack of symptoms of the primary lesion 
in the sigmoid flexure in spite of its extensive growth and widespread metastasis. 
Cytologic examination of a biopsy specimen removed from the tumor in the bladder 
revealed the fact that the primary site of the growth was in the large intestine 
and that the tumor in the bladder was secondary. 

The other type of tumor frequently encountered in this series was 
the annular or constricting form. This did not, as a rule, present a 
bulky mass of tissue growing into the lumen of the intestine, but it 
infiltrated the depth of the wall, replacing the various intestinal coats. 
The patients with this type of growth often succumbed rather suddenly 
to acute intestinal obstruction, which at autopsy proved to have been 
caused by an adenocarcinomatous stricture of the large intestine. A 
few such cases will be cited as examples. 

Case 9. — A 28 year old woman was admitted to the hospital with a history 
of an acute onset of abdominal pains, vomiting and obstipation of thirtj'-six 
hours’ duration. She was apparently well until three months prior to admission to 
the hospital, when she first had diarrhea. The condition lasted one week and 
then subsided. She remained well until the present attack of abdominal pains 
and vomiting, thirty-six hours before her admission to the hospital. On admission 
the patient appeared acutely ill; the abdomen was distended, and she was vomit- 
ing stercoral material. Her poor general condition did not permit surgical 
intervention, and she died twenty-four hours later. At autopsy a constricting 
tumor of the sigmoid was observed, which microscopically proved to be an 
adenocarcinoma. Numerous poh’ps of the large intestine were also observed. 
There were no metastases. 

Case 10. A man aged 82 was apparently well until four weeks prior to his 

admission to the hospital, when he began to complain of loss of appetite, loss 
of weight and vomiting. Two weeks before his admission the stools were lo-se 
and black. On examination no abnormality was noticed; the pains and vomiting 



1000 


ARCHIVES OF SURGERY 


soon subsided, and the patient was discharged. He was readmitted seventeen 
days later because of intermittent gnawing pains in the abdomen. The abdomen 
was tense and much distended. The patient died two hours after entering the 
hospital. At autopsy a carcinomatous stricture of the sigmoid flexure was 
observed. Diffuse peritonitis was also present. There were no metastases. 

Case 11. — 57 year old woman was admitted to the hospital complaining 
of nausea and vomiting after meals, sticking pains in the abdomen, borborygmi 
and constipation. The sj^mptoms had appeared four weeks previously. She 
had been constipated for a number of years, but in the past four weeks the 
constipation had become obstinate and had not responded to cathartics or enemas, 
except to high colonic irrigations. On examination at the time of admission, 
the abdomen was distended and tympanitic. No masses could be palpated either 
abdominally or rectally. The patient was operated on for intestinal obstruction, 
but she succumbed to the operation. At autopsy a constricting adenocarcinoma 
of the sigmoid was observed. 

Case 12. — The following case is of particular interest : A woman aged 50 
was admitted to the hospital because of abdominal cramps and vomiting. She 
had been in good health until two months prior to admission, when she first 
noticed slight epigastric distress, which was relieved by sodium bicarbonate. 
Two weeks later she was seized with severe abdominal cramps associated with 
vomiting and retching, which subsided after she took an enema. Since then 
she had had repeated mild seizures of intestinal cramps associated with consti- 
pation alternating with diarrhea. There was no blood in the stools. Seven days 
before entering the hospital she was again seized with excruciating general 
abdominal pains, and at this time enemas failed to relieve her. Two days later 
she began to vomit, and she continued to do so at least once daily. She had 
had no evacuation of the bowels for the last seven days, in spite of the many 
enemas which she had received. 

On admission to the hospital the patient appeared well developed and well 
nourished but acutely ill and in great distress. The facies was somewhat cyanotic, 
and the skin was cold and clammy and covered with beads of perspiration. The 
abdomen was distended and spastic. A questionable mass was palpable in the left 
upper quadrant of the abdomen, which was firm but not tender. The preoperative 
diagnosis \vas acute intestinal obstruction, probably caused by a malignant growth. 
At operation, a constricting growth encircling practically the entire circumference 
of the sigmoid flexure was discovered. The sigmoid was resected, and pathologic 
examination of the specimen revealed an adenocarcinomatous stricture of the 
sigmoid. The inner surface of the growth adjoining the lumen of the intestine 
was ulcerated, and lodged within the ulcer was a vertebra of a squab, wliich 
caused complete obstruction of the intestine at this point. 

COMMENT 

In the 45 cases in which necropsy was done the liver was by far 
the most frequent site of metastasis, wn’th the regional lymph nodes 
next, and direct infiltration of the peritoneum, the omentum and the 
adjoining organs last. 

Table 2 shows the sites of metastasis in the 45 cases and demonstrates 
the relatively large percentage of cases in ■which metastasis occurred. 
The high proportion of cases in which the liver -was involved, almost 
twice the proportion in which the regional lymph nodes were involved. 
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ing therapy was instituted, and the patient began to excrete lead in the 
stools and in the urine. The abdominal colic disappeared, and the 
function of the bowel returned to normal. Four months after cessation 
of exposure to lead, profuse rectal bleeding occurred. Rectal examina- 
tion revealed a hard, irregular mass occupying the anterior wall of the 
rectum, just above the prostate. The patient was operated on for exci- 
sion of the tumor, but he succumbed to the operation three weeks later. 
Pathologic examination of the specimen obtained from the rectum proved 
it to be an adenocarcinoma. 

A search through the literature reveals numerous descriptions of the 
symptoms of carcinoma of the colon, but the difficulty is that they 
usually have no application to the particular case. It is emphasized 
that many carcinomatous lesions of the colon mimic other intra-abdom- 
inal conditions and offer no evidence of an existing intestihal lesion. 
This is particularly true of the acute, fulminating forms of malignant 
tumor, which often advance to perforation or obstruction before the true 
nature of the lesion can be discovered. 


It is still a general belief that carcinoma of the colon is often asso- 
ciated with constipation and diarrhea and that these symptoms are rather 
pathognomonic of the lesion. An analysis of the various symptoms 
presented by this group of patients with carcinoma of the colon shows 
that Constipation and diarrhea, which were noted in 27 and 9 cases 
respectively, were probably no more frequent among our patients, than 
they are among presumably normal persons of the same age. Diarrhea 
was less common than constipation and probably has no value as a 
diagnostic sign. The simultaneous occurence of diarrhea and constipa- 
tion was even less frequent; it occurred in only 5 cases of the series. 
Pain was a frequent complaint and occurred in 42 cases, but consider- 
ing the fact that in most cases the condition ran a ver}^ acute course and 
was frequently complicated by intestinal obstruction and peritonitis, 
such pain cannot be regarded much longer as symptomatic of carcinoma 
of the colon. Nausea and vomiting occurred in 17 cases; in 11 of these, 
autopsy revealed a carcinomatous stricture with intestinal obstruction 
or a carcinomatous perforation of the bowel with peritonitis. Undoubt- 
edl}^ the nausea and vomiting were caused rather by the peritonitis or 
intestinal obstruction than by the tumor per se, as in 28 cases in which 
no complicating factors were present there was no nausea or vomiting. 
Onl}" 15 patients, or one third of the total number, presented a palpable 
mass in the abdomen on either rectal or abdominal examination. In 


some cases the palpated mass was tender, while in others it was Pain- 
less. The presence of blood in the stools was noted in 11 cases. In 
instances the bleeding was profuse, and in another it was associate 
with the expulsion of a mass of tumor tissue, largely necrotic. In 1 case 
bleeding appeared through the urethra because of a sigmoido\esica 
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fistula. In 2 the blood was mixed with mucus, and in 3 it was black 
and was recorded as melena. In 20 cases there was no history of loss 
of weight ; in 1 the loss of weight was reported as amounting to 80 pounds 
(36.3 Kg.), while in several cases it averaged 20 pounds (9.1 Kg.). 
On the whole, loss of weight was not a striking feature. Weakness 
was noted in 25 cases, but this, again, might have been due to the acuity 
of the lesion and the complicating factors that were noted in so many of 
our reported cases. In about half the cases the patients were well 
developed and well nourished and appeared fairly healthy. 

The duration of S3''mptoms referable to the intestinal tract was 
variable in the different cases studied. Many patients had vague symp- 
toms suggestive of intestinal disturbance which extended over two years 
and more but which terminated in an acute episode lasting for periods 
varying from a few hours to several days. The average duration of 
symptoms before the patient sought the advice of a physician was 
about six months. Our data are not sufficiently detailed to permit con- 
clusions as to the roentgenologic or proctoscopic findings in cases of 
malignant tumor of the large intestine. Many of the patients were 
acutely ill on entering the hospital, and roentgenologic or proctoscopic 
examination was inadvisable. Therefore, no consideration of such 
accessory aids in the diagnosis of carcinoma of the colon was undertaken 
in this series of cases. Allowing for such reservations, it may be said 
that patients with a palpable tumor, loss of weight, bleeding from the 
rectum and signs of intestinal obstruction or perforation probably were 
all at the stage at which nothing could be done to help them. The 
disease was far advanced before they had any reason to suspect its 
existence. 

SUMMARY AND CONCLUSIONS 

Forty-five cases of atypical carcinoma of the large bowel, with 
autopsic observations, are reported. The symptoms presented by most 
of the patients were indistinguishable from those of other acute intra- 
abdominal conditions and rendered clinical diagnosis very difficult. 

Among the cases reported in this series, perforation and obstruction 
of the carcinomatous bowel were commonly observed. In 1 case the 
obstruction was caused by a foreign body lodging in the sigmoid at 
the site of the growth. In 2 cases the tumor invaded the urinary bladder 
and gave rise to urinary s)'mptoms alone, but biops))- of material from 
the tumor in the bladder proved it to be of intestinal origin. In 1 case 
carcinoma of the colon was associated with a bronchogenic carcinoma, 
in 1 with an ovarian carcinoma and in 1 with lead poisoning. 

In 27 per cent of cases the tumor in the bowel was associated with 
a polypoid growth in the intestine. 

The symptoms of carcinoma of the large intestine are readily con- 
fused with those of other intra-abdominal conditions. 



OVARIAN TUMORS AND DIAGNOSIS 
OF ACUTE APPENDICITIS 


PHINEAS BERNSTEIN, M.D. 

NEW YORK 

An analysis of a large group of cases of ovarian tumor (1,101 cases) 
disclosed that 103 laparotomies were performed after a diagnosis of 
acute or chronic appendicitis had been made. That disease of the ovary 
may simulate appendicitis, disturbances of the gallbladder or genitouri- 
nary tract, ectopic gestation and other abdominal or pelvic conditions is 
well known. Generally the symptoms of an ovarian growth differ suffi- 
ciently from those of appendicitis to warrant careful differentiation 
before radical treatment is instituted. The salient features of ovarian 
tumor and the clinical and operative findings as here disclosed may serve 
to indicate the causes of the high incidence of diagnostic error. 

Physicians often examine a normally menstruating, unmarried young 
woman to determine the cause of pain in the lower part of the abdomen. 
I have found that the incidence of ovarian pathologic change in such 
patients is especially high. 

Sixty-three patients (61 per cent) were under 20 years of age; 37 
(36 per cent) were between 20 and 30, and only 3 (3 per cent) were 
over 40. Most of them were single (64 per cent). Although ovarian 
structure was altered in all the cases, menses were normal in 83 per cent. 
In 11 per cent of cases there was metrorrhagia; in 5 per cent there was 
secondary amenorrhea ; and in 1 per cent there was primary amenorrhea. 
Although dysmenorrhea occurred in 25 per cent of the patients, this 
symptom was predominant only among patients under 20 years of age. 

The syndrome of recurrent severe or mild interval pain (Mittel- 
schmers) is commonly found in the histories of such patients. The 
intermenstrual incidence, periodic recurrence and short duration of the 
pain are significantly constant. It was interesting to note that /O per 
cent of the patients in this series had histories of repeated attacks of 
pain in the lower part of the abdomen, which always occurred during 
the menstrual inten^al. More than half the patients had had over 
five attacks. In several instances the attacks dated back to the onset of 
the menses ; other instances of interval pain for three to five )’ears are 
reported, but the majority (80 per cent) had noticed repeated pain in 
the lower part of the abdomen for only four to ten months. Twelve 
patients were operated on at the time of the first attack. 


From the Gynecologic Service of the Mount Sinai Hospital. 
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as follicular and corpus luteum cysts produced symptoms of chronic 
appendicitis. 

There were 58 patients for whom a diagnosis of acute appendicitis 
was made and the onset characterized as severe. All lesions found in 
this group were related to the ovary, but 6 appendical lesions were 
also found. Two of these, namley, foreign body and oxyuriasis of the 
appendix, were accompanied by ovarian torsion, which, it may be fairly 
assumed, produced the acute symptoms. Appendical lesions with 
suppuration or gangrene undoubtedly accounted for the symptoms of the 
remaining 4 patients, even though ovarian pathologic change was also 
present. 

The following lesions were found at operation: 37 follicular cysts, 
12 ruptured and 1 gangrenous (there were 3 suppurative appendixes in 
this group) ; 9 corpus luteum cysts, 5 of which showed rupture; 9 der- 
moid cysts, 4 with torsion (there was 1 gangrenous appendix in this 
group) ; 1 bilateral microcystic ovary (the patient was psychneurotic) ; 
1 parovarian cyst, and 1 instance of ovarian endometriosis of the 
ovary with uterine pregnancy. 

Thus, for these 58 patients operated on for acute appendicitis only 4 
appendical lesions were found severe enough to warrant such a diag- 
nosis. Not even all the ovarian changes, although present throughout, 
were sufficient to produce symptoms indicating immediate surgical inter- 
vention. Ordinarily a simple follicular or corpus luteum cyst is not of 
surgical significance, and it is noted also that two thirds of the follicular 
cysts and half of the corpus luteum cysts were unruptured. Micro- 
cystic ovaries, although occurring in a psychoneurotic patient, generall}’ 
do not simulate acute appendicitis. The dermoid, parovarian and endo- 
metrial cysts, however, all indicated operation. 

SUMMARY 

1. In 45 patients whose condition was diagnosed as chronic appendi- 
citis no pathologic change was found in the appendix to warrant this 
diagnosis. 

2. In 58 patients whose condition was diagnosed as acute appendi- 
citis, only 4 appendical lesions were found indicating operation. 

3. About 32 per cent of all ovarian lesions were severe enough to 
account for the appendicitis syndrome. (These included ruptured fol- 
licle cysts, endometriosis, dermoids and torsion.) 

4. Eighty-nine per cent of the ovarian changes were purely cyclic 
or functional (follicular cysts, microcysts and corpus luteum cysts) 
conditions ordinarily requiring no operation ; 26 per cent of these, how- 
ever, were ruptured. 
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A NEW SURGICAL MASK 


A BACTERIOLOGIC AIR FILTER 
LLOYD ARNOLD, M.D. 

Bacteriologist to the State Department of Public Health 
CHICAGO 

There is ample evidence in recent surgical literature to show that 
surgeons are not satisfied with the present methods of face masking. 
Walker^ in 1930 outlined what he considered the requirements of an 
ideal mask and hastened to state that he had not yet found it. Waters ■ 
in 1936 pointed out that improper surgical masking has constituted a 
persistently weak link in the chain of aseptic operative technic. Walker 
in 1935 presented bacteriologic evidence .as to the source of hemolytic 
streptococci in four epidemics in hospitals, three in surgical services 
and one in an obstetric service. Cultures of material taken from hands, 
instruments, solutions and sterile goods at the time of these epidemics 
failed to show heraol}dic streptococci. The masks were found to be 
ineffective and half of the operating room personnel were found to 
be carriers of hemolytic streptococci. Meleney® in 1935 studied the 
bacterial flora of the air in his operating rooms and estimated that 
from 35,000 to 60,000 bacteria fall on the sterile operative field during 
the course of one hour. Davis * in 1937 stated : 

In short, I feel that adequate masking is not only essential but is the most 
important, in addition to rubber gloves and gentle handling of tissues, that the 
surgeon can personally carrj' out to prevent infection in clean operative wounds. 

Blatt and Dale ® in 1933 advocated the use of impermeable deflector 
masks. These are not filters. Waters in 1936 described a similar 
impendous deflector mask. 

From the Department of Bacteriology and Public Health, the University of 
Illinois College of Medicine. 

1. Walker, I. J. : How Can We Determine the Efficiency of Surgical JIasks . 
Surg., G}Tiec. & Obst. 50:266, 1930, 

2. Waters, E. G. : Adequate Surgical Masking: Problem and Solution, 
Am. J. Surg. 32:474, 1936, 

3. Meleney, F. L. : Infection in Clean Operative Wounds, Surg., Gl'nec. 

Obst. 60:264, 1935. . . 

4. Davis, J. S.; Is Adequate Masking Essential for the Patient’s Protection. 
Ann. Surg. 105:990, 1937. 

5. Blatt, M. L., and Dale, M. L.: A Bacteriological Study of the Efficicnci 
of Face Masks, Surg., Gynec. & Obst 57:363, 1933. 
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can be accurately determined by a reading of the results after incubation 
of this cylindric tube coated with a culture medium. The heavy particles 
are on the bottom; the bacteria, free of accompanying pus and mucus, 
are toward the upper end of the- tube. We are using this apparatus 
for various purposes associated with routine surgical and obstetric 
service. The instrument and the technic yield exact information relative 
to many environmental conditions which have been considered in the 
past but owing to lack of accurate technical methods have been more 
theoretic than practical. 



Fig. 1. — Photomicrograph of cellulose, cotton and linen fibers. The upper 
two larger fibers are cellulose. The uppermost fiber has been in contact with a 
suspension of bacteria and has been washed three times. Note the large number 
of bacteria still adhering to the fiber. The next large fiber is of clean untreated 
cellulose. The middle two fibers are cotton; the upper one of these two was 
treated the same as the top cellulose fiber. There are few bacteria remaining 
on this fiber. The fourth fiber from the top is a control, an untreated cotton fiber. 
The lower two fibers are linen. The bottom fiber is the control ; the fiber above 
it has been in contact with bacteria the same as the topmost cellulose fiber. Few 
bacteria can be observed on this linen fiber. 

Hart ® in 1937 recommended sterilization of the air in operating 
rooms by bactericidal radiant energy. This is another approach to the 

8. Hart, D. ; Sterilization of the Air in the Operating Room by Bactericidal 
Radiant Energy-, Surgerj- 1:770, 1937. 




ARNOLD— NEW SURGICAL MASK 


1011 


problem of controlling the transmission of flora of the upper part of 
the respiratory tract in surgical procedures. The reports so far of the 
use of this method seem encouraging, but it is still experimental and 
has not been accurately standardized. The recirculated and incoming 



Fig. 2. — Photomicrograph of cellulose fibers from cellucotton. The single fiber 
on the left has been e.vposed to bacterial suspension and washed three times. The 
fiber at the right is a control. It is an untreated, fresh fiber. 
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air could be passed through a cellulose filter, the personnel being 
masked with these bacterial absorbent materials. As a safeguard for 
dissemination by air of oral and nasal bacterial flora from unmasked 
observers and visitors, radiant energy might be used to destroy the 
residual bacteria in the atmosphere. It seems to us a sounder procedure 
to prevent contamination of air and to control as well as to restrict the 
distribution of bacteria in the atmosphere of the operating room by 
bacteriologic filtration than to allow gross pollution to occur and depend 
on radiant energy to make the air safe for all concerned. Bactericidal 
radiant energy has its uses, but like chlorination of water or pasteuriza- 

Table 1. — Effect of the Number of Plies of Celincotton on Its Efficiency 

as a Filter * * 


Boom air control. 

2 ply cellueotton.. 

3 ply cellueotton.. 

4 ply cellueotton.. 

5 ply cellueotton.. 

6 ply cellueotton.. 


182 colonies 
6 colonies 
4 colonies 
3 colonies 

1 colony (spreader) 
0 


* The number of bacteria are expressed per 10 cubic feet of air. An average ot 38 experi- 
ments was perlormed with each type of filter. 

Table 2. — Influence of the Number of Plies of Cotton Gauze on the Efficiency 

of the Bacterial Filter* 


Boom air control 164 colonies 

2 ply gauze 31 colonics 

4 ply gauze 24 colonies 

G ply gauze 15 colonies 

8 ply gauze 9 colonies 


* Tlio number of bacteria are expressed per 10 cubic feet of air. An average of 16 experi- 
ments iras performed iritb each tyjje of filter. 


tion of milk it is most useful when employed in conjunction with and 
in augmentation of other standard sanitary procedures for purification 
of air. 

We attached a large glass funnel to the intake tube of the Wells 
air centrifuge. Our experiments were divided into two parts, the 
studies in filtration of air and the application of these results to the 
improvement of surgical masks. 

In all, 94 experiments were conducted in the air filtration studies. 
The principle was to cover the 6 inch (15 cm.) funnel at the intake of 
the "Wells air centrifuge with the material to be tested. We were able 
to seal the funnel so that all of the air passed through the filter. Face 
masks cannot be controlled in this manner. There is always leakage 
around the masks, usually above. 

Table 1 gives the results of the use of cellueotton filters for the 
air going into the air centrifuge. Table 2 gives the results obtained 
when gauze filters were used in the same way. The cotton gauze offers 
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greater resistance to the passage of air, but in this experiment the air 
had to filter through the cellucotton or gauze. The suction of the 
machine and the tightly fitting layers of the material forced the air to 
pass through the filters. When gauze is used for a face mask the 
escape of the expired air above the mask is more noticeable than when 
cellucotton is used. The line of least resistance is upward on each 
side of the nose when four or more thicknesses of gauze are used for 
a face mask. 

We have not found a method of testing the efficiency of masks to 
remove bacteria from the expired air. We have determined the average 
bacterial count per unit volume of air in the room. The masked person 
talked while his face was directty in front of the large glass funnel 
attached to the intake part of the air centrifuge. Room air naturally 

Table 3. — Bacterial Counts per Ten Cubic Feet of Air* * 


Room air control 

Without mask 

8 ply ordinary gauze mask 
4 ply cellucotton mask 


295 

720 

672 

259 


* An average of 10 experiments vas performed with each type of filter. 


Table 4. — Bacteria per Ten Cubic Feet of Air* 


Control room air 185 

0 ply gauze mask ],SC2 

6 ply cellucotton mask (no B. prodigiosus recovered) 210 


* In this experiment the subject’s mouth was rinsed (gargle) with a 1:100 dilution of a 
culture of B. prodigiosus in saline solution before he talked into the machine. An average of 
7 experiments was performed with each type of filter. 

came into the opening around the head of the masked subject. This 
experiment was not what was desired, but it was a great improvement 
over the old method of using opened Petri dishes of agar to determine 
the air flora. 

Table 3 indicates the average results of 40 experiments. The 
duration of each experiment varied, but the average was twelve minutes. 
Plain nutrient agar was the medium used in all instances. Talking into 
the apparatus was carried out in all experiments except the room air 
control series. The masked subject would read rapidly in a loud tone. 
Table 3 gives the results obtained without a mask, with an 8 ph’ gauze 
mask from the surgical department and with a 4 ply cellucotton mask. 
We consider that part of the high bacterial count obtained when the 
thick gauze mask was used was due to the deflection of the expired 
air around the mask because of the resistance produced by its thickness. 
The 4 ply cellucotton mask offers little resistance to the expired air. 
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Table 4 shows a comparison between a 6 ply gauze mask and a 6 
ply cellucotton mask. The cellucotton mask was made by placing 6 plies 
of this material between two layers of thin, wide-meshed gauze. The 

Table 5. — Number of Bacteria Passing Through Filter* 


First two minutes 20 

Second two minutes 110 

Third two minutes 340 

Fourth two minutes '. 275 

Fifth two minutes a 317 


Total 1,062 


* The ten minute period of talking was subdivided into five two minute periods. A fresh 
culture cylinder was inserted at the end of each two minute period. The mouth of the subject 
was rinsed with a 1:100 dilution of a culture of B. prodigiosus before the experiment. A 6 ply 
gauze mask was borrowed from the operating room for this experiment. 


Table 6. — Bacterial Count per Ten Cubic Feet of Air* 


Control room air sample 170 

No mask used 8S7 

Hood type mask with 6 ply cellucotton filter (no B. prodigi- 

osus recovered) 178 

Hood type mask with 6 ply cellucotton filter; mask too 
large, poorly fitted; air escaped above (320 B. prodigi- 
osus recovered) SCO 


* In this series of experiments the subject’s mouth was rinsed with a 1:300 dilution of a 
culture of B. prodigiosus in saline solution before he talked into the machine. An average 
of 4 experiments was performed with each type of filter. 


Table 7. — Typical Laboratory Protocol 



Cubic Feet of 

Time 

Time 



Purpose 

Air per Minute 

Begun 

Ended 

Incubated 

Results 

Room control 


0.75 

9:44 

9:54 

24 hr. 

113 colonics 

Room control 


0.83 

10:06 

10:16 

24 hr. 

164 colonies 

Boom control 


0.90 

11:00 

11:10 

24 hr. 

191 colonies 

G ply cellucotton 


0.785 

10:45 

10:55 

48 hr. 

No growth 

C ply cellucotton 


0.S75 

10:20 

10:30 

48 hr. 

1 colony 
(spreader) 

6 ply cellucotton 

4 ply cellucotton with 2 
moistened cellucotton 

ply 

be- 

0.875 

10:57 

11:07 

48 hr. 

No gxowtb 

tween 

4 ply cellucotton with 2 
moistened cellucotton 

ply 

be- 

0.S75 

11:15 

11:25 

48 hr. 

No growth 

tween 

4 ply cellucotton with 2 
moistened cellucotton 

ply 

be- 

0.785 

2:16 

2:26 

48 hr. 

No growth 

tween , 

4 ply cellucotton with 2 
moistened cellucotton 

ply 

be- 

0.830 

2:31 

2:41 

48 hr. 

No growth 

tween 


0.S75 

2:51 

3:01 

48 hr. 

1 colony 

(spreader) 


subject in this experiment rinsed the mouth with a diluted culture of 
Bacillus prodigiosus. This bacterium seldom occurred in control 
samples of the room air and then only in one or two isolated colonies. 
We wished to separate the air in the room from the expired air and 
thought this method would be helpful. 

We expected the cotton textiles to be less absorbent for bacteria 
when they became saturated with water. Table 5 gives the results of 





.IRA'OLD—A'Iiir SURGICAL MASK 


1015 


an experiment tending to bear this ont. The time was divided into live 
two minute periods. The same mask was worn for the whole 
experiment ; the cylinder, coated, inside with agar, was changed at the 
end of each two minute period. The subject’s mouth was rinsed with 
a diluted culture of B. j)rodigiosus before the experiment began. It 
is apparent from table 5 that the permeability of the mask increased 
during the course of the exi)eriment. It should be borne in mind that 
the moistened, even saturated, 6 ply gauze mask increases the resistance 
to i:!assage of the expired air and causes more deflection than does a dry 
gauze mask. 

Table 6 illustrates the influence of proper fitting of the face mask 
on its efficiency ns a filter for expired bacteria. The hood type of 
mask was used in this experiment. A pocket 6 by 4 inches (15 by 10 
cm.) was formed in the mask over the nasal and oral orifices, and 6 
ply cellucotl'on filler was inserted in this pocket. The first mask 
experiments in table 6 illustrate the results with a head mask properly 
and tightly fitted to the face of the subject. The next series was 
performed with a hood mask too large for the subject; it fitted loosely 
and allowed ready .escape of expired air b}’ deflection without filtration. 

Table 7 gives the laboratory protocol for one day’s experiment. 
This particular experiment was designed to determine the differences 
between dry and moist 6 ply cellucotton filters. The material was placed 
over the funnel connected to the intake of the Wells air centrifuge, and 
the machine was run for ten minutes. The variations in the bacterial 
flora of the air are shown in this experiment. 

COMMENT 

} Cellulose wadding of the type used in these experiments can be 
adapted to filtering bacteria from the air as the air passes through the 
material. This material is more effective than the cotton gauze generally 
used in surgicaf^masks. The greatest source of oral bacterial flora in 
our experiments was escape or deflection of the expelled air during 
loud talking, above the mask lateral to and on each side of the nose. 
Our primary problem was one of filtering bacteria from the air. We 
have done some work with various types and new modifications of face 
masks. These experiments have not been completed. We are testing 
various types of mask at this time. A disposable, tightly fitting face 
mask is now being developed and is already in experimental use. A 
further report will be made on this subject when we are satisfied that 
we have something practical, useful and efficient. 

Covering of the nose and mouth with an impermeable material 
deflects the expired air all around the edges of the mask, and the 
atmospheric pollution is the same as if no mask were worn. We 



1016 


ARCHIVES OF SURGERY 


coiisidei- that the problem is one of prevention of atmospheric pollution 
by filtration, similar to removal of bacterial pollution from water by 
filtration methods. The droplets in the air, seeded with the bacterial 
flora of the upper respiratory tract, will find their way downward by 
gravitation and ma}' be a source of infection. The air currents produced 
by movements of the persons in the room in opening and closing doors 
will reduce the effectiveness of the impermeable deflection type of mask 
to almost zero. 

We feel that our experiments show the effectiveness of cellucotton 
as an air filter. The next problem is to prevent air containing bacterial 
flora of the upper part of the respiratory tract from leaking around 
the edges of the mask. We are convinced that if all the expired air 
can be forced through the cellulose wadding filter the bacteria will 
remain on the cellulose fibers. 



SOLITARY XANTHOMA (LIPOID GRANULOMATOSIS) 

OF BONE 


^[ICHAEL S. BURMAN, M.D. 

AND 

sa:^[uel e. sinberg, j^r.D. 

NEW YORK 

XanthoiiKitous I)onc tumor, isolated or multiple, occurring in the 
absence of the Schuller-Christian syndrome is rare. Recognition of this 
unusual lesion has proceeded apace with delineation of the Schiiller- 
Christian syndrome. 

Bony tumors such as those described b}' Zeyland and Dega and by 
Krogius, which seem to be classic examples of giant cell tumor with 
secondary lipoid deposition, bear no resemblance to the type of tumor 
here described. 

REPORT OF A CASE 

An Italian boy aged 12 noticed pain and swelling of the left tibial tuberosity 
five or six weeks before he was first examined, on Oct. 26, 1936. The boy had 
always been physically active. He remembered no severe injury to his leg or 
knee, but he had bumped his knee a week previously, while playing football. 
He had sharp pain on direct pressure over the tibial tuberosity. There was no 
pain in the left thigh. A diagnosis of Osgood-Schlatter disease (apophysitis) of 
the left tibial tuberosity was made because of the swelling of the tuberosity and 
its tenderness to pressure. A roentgenogram, which fortunately included the lower 
third of the femur, revealed an area of rarefaction at the junction of the lower and 
the middle third of the femur, suggestive of a bone cyst. It was because of this 
clinically quiescent lesion of the femur that he was referred by Dr. M. Roth, 
of Astoria, Long Island.' 

A bony swelling was palpated on the mesial aspect of the femur, about 2 inches 
(5 cm.) above the superior border of the patella. This swelling was fixed and 
slightly tender. It was slightly irregular on its surface and projected a little above 
the line of the medial femoral cortex. Its base was broad and was a part of the 
femoral shaft. A cordlike structure ran over its surface. There was no heat of 
the overlying soft tissues or redness of the skin. General examination gave 
negative results. 

Another roentgenogram of the left femur (fig. 1) showed a roughly ovoid 
area of rarefaction the size of a silver quarter on the inner side of the bone, at 
the junction of its middle and lower thirds. The medial corte.x was thinned; it 
bulged slightly at the site of the lesion but was not broken through. Extending 
proximally from the main lesion, a few smaller, "daughter” areas of rarefaction 
were seen. The borders of the rarefied areas were lined b}' sclerotic bone, 
especiall 5 ’^ at the lateral part of the main cystic lesion. The lesion was at least one- 
half the width of the diameter of the shaft of the femur. The larger C 3 'st contained 
many irregularly placed bony trabeculae which subdivided the lesion into smaller 
parts. No periosteal reaction or invasion of the soft tissues was noticed. 
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The lesion seemed benign both clinically and roentgenologically. It was a 
rarefying lesion of bone with no tendency to bone production. It was peculiar in 
two respects, its location and its capacity to form daughter lesions. Its location 
was not typical of bone cyst or of giant cell tumor. It seemed to be an unusual 
type of benign bone lesion. 

On November 2 the tumor was resected (by Dr. Burman). The medial aspect 
of the femur was approached by a 7 inch longitudinal incision placed antero- 
medially, the site of tumor being at the center of the incision. The bone was 
exposed by incision between the vastus medialis and the rectus femoris muscle. The 
quadriceps bursa was not opened. The periosteum was normal and stripped easily. 



Fig. 1. — Preoperative roentgenogram, taken Oct. 28, 1936, of the xanthomatous 
femur. 

The surface of the bone (which was steel blue) at the level of the tumor was 
slightly knobby. The tumor was completely resected, the borders of the lesion 
being carefully measured out with a ruler. The marrow was curetted thoroughly. 
Total resection of the tumor was verified by a roentgenogram taken immediately, 
in the operating room (fig. 2), 

The gross specimen (fig. 3) consisted of a portion of the shaft of the femur, 
measuring 2)4 inches (6.2 cm.) in length and a little more than one-half the width 
of the shaft. The medial cortex was thinned and expanded. The medullary cavity 
was filled with discrete areas of brownish and yellowish tumor tissue. Each 
yellowish mass was surrounded by a dense capsule of bone, and the intervening 
regions were also occupied by bone, which was dense and spongy. The largest mass 
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measured ^ by 1 inch (2 by 2.5 cm.) and corresponded to the expanded portion of 
the cortex. A microscopic diagnosis of lipoid granulomatosis (xanthoma) of bone 
was made by Dr. Henry Jaffe, pathologist of the Hospital for Joint Diseases. 
Sections both of bone and of soft tissue, showed the presence of lipoid-containing 
cells aggregated in masses. (These cells probably contained cholesterol ester.) 
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Inability to flex the knee was due to adherence of the quadriceps muscle to scar 
tissue at the site of operation. At the time of writing this condition has largely 
been overcome, and the muscle is soft and flexible. 

Periodic check roentgenograms showed no recurrence of the lesion to March 
1937 (fig. 4). A roentgenogram taken June 19 (fig. 5) showed recurrence 
of the tumor. At a point just external to the operative site were three small cyst- 
like areas. Periostitis was present. 



Fig. G. — Roentgenogram taken June 19, 1937, showing recurrence of the lesion. 
This is manifested by three round areas of rarefaction, indicated by the arrows. 
They are better seen in the lateral view. The recurrence is just at the distal 
part of the resected area. 

The patient was given a diet low in cholesterol, and roentgen therapy was 
begun. The last roentgenogram (fig. 6) showed extensive new bone deposition at 
the site of the recurrent lesion, which was no longer visible. Two fields, anterior 
and posterior (10 by 10 cm.), were each given 600 roentgen units at 140 and 150 
kilovolts, with filtration of 0.5 mm. of copper plus 1 mm. of aluminum or of 4 mm. 
of aluminum, at a distance of 40 cm. Six treatments were given, the first three 
at intervals of one week and the last three at intervals of one month. 
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Christian S 3 ’ndrome. The latter frequently demonstrates skeletal changes, 
the most consistent of which (100 per cent) is the change in the skull. 
Whether there is an ultimate association of the isolated or multiple 
bony xanthomas here described with the Schiiller-Christian syndrome 
is not answered affirmatively by a study of the reported cases. It is 
unlikely that such will be the sequence of events in most cases, by 
reason of age incidence. The age peak of the Schiiller-Christian syn- 
drome is usually reached in childhood; isolated or multiple xanthoma- 
tosis of bone occurs more often in the third, fourth and fifth decades. 

Geschickter and Copeland in a study of 17 cases of Schiiller- 
Christian disease noted that- in 2 cases the symptoms of onset were 
related to solitary lesions in the tibia or the fibula. They described 
a tumor primary in the fibula, which was seen in 1925. However, a 
small defect in the skull was noted. In 1934 the patient had multiple 
skeletal involvement. 

ISOLATED FORM 

An isolated xanthomatous bone tumor has been described as occurring 
in a girl aged 12. Our patient was a boy aged 12. The other patients 
were adults whose ages ranged from 26 to 55. 

The disease shows no predilection for either sex. Three patients 
were males, and 3 were females. 

There is no set point from which the disease can be said to begin. 
Its discovery may be incidental to roentgenographic examination of an 
adjacent part of the body, investigated for some other cause. This was 
so in our case, in Phelip’s case and in Bahl’s case. An approximate 
length of time, measured by a known injury, would seem to indicate 
the duration of disease to be from two to twenty-six years, the average 
being two or three 3 ^ears. A man of 55, with a lesion assumed to be of 
twenty-six 3 'ears’ duration, noted a mass on the outer side of the upper 
part of the thigh twent 3 ’^-six 3 fears before. This terminated in an abscess, 
which maintained itself for fourteen years. Its similarit 3 ^ to a second 
abscess, of a 3 'ear’s duration, seemed to support this claim. 

In 3 cases no trauma was noted. In the remaining cases the trauma 
was mild, either to the part later affected or to an adjacent part. In 
no instance was there a single severe sharp or blunt injur 3 " to the part. 
In 1 case there was no remembered histor 3 '- of trauma. 

All the patients were in excellent general health. 

The patient may have no symptoms. Pain is never severe ; it may be 
absent or it may be intermittent. No redness or heat is noted over the 
tumor. Swelling is sometimes seen. In 1 case this swelling broke 
through the skin and discharged necrotic debris containing cholesterol 
cr 3 'stals. In another a blood clot developed after an injury above the site 
of xanthoma. A chestnut-sized tumor ultimately formed at this point, 
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which was considered sarcomatous on microscopic examination. There 
may be some question willi regard to this diagnosis, since the patient’s 
health remained excellent for three years in the presence of this recur- 
rent tumor, which had not metastasized. 

The femur is most often involved in the isolated form of the 
disease. (The incidence of femoral involvement in Schiiller-Christian 
disease is 26 per cent, according to Lazarewa. This is third in order of 
frequency, the incidence of femoral invoh-ement ranking below that of 
invasion of the skull and the pelvis and being equal to that of involve- 
ment of the upper jaw.) The epipln-sial ends of the bones are spared. 
In the lower part of the femur the lesion exists at the junction of the 
middle and the lower third of the hone. This was true of Phelip’s 
patient, a girl of 12, and in our case. Localization, then, was the same 
for this age group. The upper third of the femur, including the greater 
trochanter, was involved in 2 patients, each 55 years of age. The 
lesser trochanter was spared in both. In 1, the disease stopped at the 
intertrochanteric line, but in the other the neck of the femur was 
extensively invaded, with ultimate pathologic fracture of the neck, 
which led to discovery of the xanthoma. The lower third of the fibula 
and the upper third of the humerus at its junction with the middle 
third were sites of election in 2 other cases. The proximal phalanx of 
the right thumb was involved in the final case. This indicates a pre- 
dilection for the long bones of the body. In only 1 case was there a 
demonstrable lesion in any of the flat bones. This lesion was an area 
of rarefaction in the occiput, said not to be characteristic of Schuller- 
Christian’s syndrome. It was not demonstrated clinically. There was 
no evidence of predilection for the right or the left side of the body. 

The tumor is firm and bony hard and is an integral part of its bone. 
It is sometimes slightly sensitive to pressure. When the tumor becomes 
superficial, as in the thumb, it distends the overlying skin, which may 
show dilatation of the fine vessels. The surface of the tumor is finely 
lobulated or smooth. Ordinarily, it may be difficult of palpation because 
of its depth of location. Its size is variously estimated, as 2 cm. in 
diameter, as the size of a plum, as the size of a walnut and as the size 
of an egg. In only 3 cases did it form a readily visible mass. In the 
lower third of the fibula it formed a soft, elastic egg-shaped mass ; in the 
thumb, a circular tumor 2 cm. in diameter, and in the upper part of 
the thigh, a mass which discharged necrotic tissue udtli cholesterol 
crystals. The adjacent joint usually shows no disturbance in function. 
In I case there was effusion into the knee joint, which apparently was 
persistent ; its exact relation with the femoral lesion was not adequately 
determined. One patient noted pain in the left hip for two years on 
exertion, but the function of the hip was not disturbed till the onset 
of pathologic fracture of the neck of the femur. 
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ROENTGENOLOGIC PICTURE 

The I'oentgenologic appearance is that of a benign, delimited, con- 
fined bone lesion. Its essential character is osseous rarefaction (replace- 
ment by xanthomatous tissue) in the shaft of a long bone. It may be 
expansile and divided into small cysts by thin bony septums. Small 
daughter cysts may extend out from the main lesion. Such secondary 
cysts are irregularly oval and may be longitudinally placed. A fairly 
thick area of limiting bone sclerosis is noted about each lesion. The 
cortex adjacent to the lesion may be considerably thinned and even 
perforated as the result of pathologic fracture. There is no calcification, 
and no mass in the soft tissues is seen. No tendency to bone production 
or periosteal involvement is present. The epiphysial ends of long bones 
are not invaded. 

DIFFERENTIAL DIAGNOSIS 

In the differential diagnosis the first to be considered is the localized 
form of osteitis fibrosa cystica. In this disease the entire width of the 
bone is usually involved, and deformities occur. The lesion is relatively 
stable and does not tend to increase in size as rapidly as does xanthoma. 
The cystic divisions of xanthoma are more regular and less diffuse. 
There is less tendency to pathologic fracture in cases of osteitis fibrosa 
cystica, and there is increased tendency to distortion. Decalcification 
of the bone in which the lesion is situated is marked. In the presence 
of xanthoma, on the other hand, the adjacent bone is normal. 

Giant cell tumor is also to be considered. Location of the lesion in 
the shaft of the bone and tendency to smaller and daughter cyst forma- 
tion with sclerotic borders are in favor of a diagnosis of xanthoma. 
Giant cell tumor occurs usually in patients between 20 and 30 years 
of age and is usually located in the epiphysial end of a long bone. Bone 
cysts as a rule occur in younger patients (up to about 18) and are 
usually symmetrically placed in the medullary cavity. They are situated 
in the proximal ends of long bones, commonl}’^ in the humerus, the 
tibia and the femur. The bone cyst stops at the epiphysial line. Occa- 
sionally septums may traverse the cyst, but these are usually few and 
thin. 

Enchondroma in the shaft of a long bone is as uncommon as it 
is common in the phalanges. It also occupies the entire width of the 
bone. 

The rare adamantinoma is also to be considered. Extradental 
adamantinoma is found in the tibia. 

Echinococcus cysts are very rare. Such a lesion has no limiting 
sclerotic border. A history of the patient’s association at some time 
with dogs or sheep is usually obtained. 
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One of us has observed several cases of hemangioma of bone (os 
calcis). This lesion is also expansile, trabeculated and rarefying. We 
have never seen it in a long bone. It is characteristically radiosensitive. 
Osteoinj-elitis is ruled out by lack of bone production and periostitis, by 
absence of sec|ue.strums and by the clinical picture (fever, abnormal 
blood count, local tenderness, redness and pain). 

Multiple m3-eloma occurs in patients past the age of 40. It shows 
rarefied medullar}' punched-out areas in many bones, with no bone pro- 
duction and no limiting sclerotic border. The Bence Jones test usually 
gives positive results. The general condition of the patient serves as a 
point in dift'erential diagnosis, as it does in cases of metastatic malignant 
tumor (carcinoma, melenoma). 

Aletastatic malignant tumor may be single or may involve many 
bones. The single lesion is usually situated at the site of entrance of 
the nutrient artery. It is usually erosive and e.xpansile. It is not 
trabeculated, nor is it encircled by sclerotic borders. 

Biopsy is the only sure means of diagnosis, and it is pertinent that 
in no case was the correct diagnosis made preoperatively. Various 
diagnoses were made : localized osteitis fibrosa cystica, vacuolar osteitis, 
melanosarcoma and questionable sarcoma. Some authors made no 
definite preoperative diagnosis. The procedures used were resection 
of the tumor in 3 cases when this was possible, curettage of the tumor in 
2 cases (the upper end of the femur and the neck of the femur) and 
guttering of the femur in 1 case, with insertion of fat and a pedicled 
muscle graft obtained from the quadriceps muscle. The lesion in 1 case 
was not externally visible when the bone was exposed, and drill holes 
made through the cortex localized the tumor. 

In no case at operation was the periosteum found to be altered. 
The tumor was usually outlined by sclerotic bone and subdivided into 
many parts of finer bony septums, between which was a friable, soft 
tissue, ranging in color from sulfur yellow to chocolate brown. The 
cortex was sometimes thinned and expanded and in our case was 
steel blue. In Burst’s case there was invasion of the muscle and skin 
by the cholesterol-containing tissue, which contained much fatty stuff, 
resembling, it was said, the material found in cholesteatoma. A necrotic 
abscess was present. A large number of faceted, pure cholesterol stones 
were found. 

The postoperative course was uneventful in all instances, except 
in Schrank’s case, in which he thought death of the patient imminent. 
.A.n wounds healed well. The follow-up period is given in only 2 cases. 
Schrank’s patient was observed for eight months. The hip was stiff, 
and the patient walked well. Consolidation of the rarefied area in the 
femoral neck was present after curettage. Vermooten’s patient was 
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followed only two months. At the time of writing it is understood 
that in the remaining cases, although no exact period of follow-up is 
noted, the patients are in good general health and the diseased area in 
bone has not increased in size. No note is made of further osseous 
involvement. No patient has apparentl}'^ presented any signs of the 
Schiiller-Christian syndrome. 

After the nature of the lesion was detected by microscopic examina- 
tion of the excised tissue, tests to determine the cholesterol content of 
the blood were done in 3 cases. The cholesterol value in 1 case was 
212 mg. per hundred cubic centimeters of blood, a definite elevation 
above normal. In the remaining 2 cases both free cholesterol and 
cholesterol esters were estimated. In 1 case the value for free cholesterol 
was 70 mg., that for cholesterol esters 103 mg. and that for total 
cholesterol 173 mg. per hundred cubic centimeters. In the final case 
the value for free cholesterol was 189 mg. per hundred cubic centimeters 
and that for total cholesterol 231 mg., denoting a definite rise. Burger’s 
cholesterol feeding test was not done in any case. The value of this 
test will be commented on later. 

Schrank noted that a son of his patient, a boy aged 7j4 years, 
had an area of rarefaction in the right eighth rib. The roentgenologic 
appearance of this was comparable with the xanthomatous lesion of 
the left femoral neck of the father. This boy had pleural effusion on 
the right side, which contained a chylous fluid. He died after an 
operation for supposed caries of the rib. Postmortem examination was 
not done. 

THE MULTIPLE FORM 

The multiple form of skeletal xanthomatosis is as rare as the isolated 
form. Six cases have been reported. In 4 of these the diagnosis was 
verified by microscopic examination of tissue, and in 2 (Kienbock and 
Selda; Kienbock and Schnek) the diagnosis was roentgenographic, based 
on the previous experience of Kienbock in another case of multiple 
osseous involvement, in which diagnosis was ultimately made by biopsy. 
That this experience in repetition is invaluable is proved by the case 
of Snapper and Parisel, who made the correct diagnosis in their case 
after publication of the report of Kienbock and Meworach. 

The usual working diagnosis has been generalized osteitis fibrosa 
cystica, and so confident have two of the investigators been of this 
(Snapper and Parisel; Kienbock and Schnek) that parathyroid explora- 
tion was carried out (twice in Snapper and Parisel’s case), with com- 
pletely negative results. 

While there are multiple osseous invasions in this form of xanthoma- 
tosis, it is usually not as widespread, either generally or locally, as is 
that of generalized osteitis fibrosa cystica. Tlie smallest number of bones 
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The duration of the disease is again questionable and, as far as it 
can be determined, it is from two to five years. Study of a patient 
over a period of years indicates a remarkable stability of the existing 
lesions, with slight tendency to formation of new lesions. In Kienbock 
and Meworach’s case the development of a visible node on a rib was 
observed in the course of the disease; in Shelling and Voshell’s case 
the left ilium showed later involvement roentgenographically. Clini- 
calty, in this case, several bones later revealed painful thickening of 
their shafts. Three patients were studied from two to five years. 

The disease may be asymptomatic, as in the 2 cases of Chester, iii 
which multiple osseous involvement was observed at autopsy. 

Pathologic fracture is more frequent in the multiple form of skeletal 
xanthomatosis. This depends on the simple mathematical fact of greater 
probability. The neck of the femur was affected in 2 cases and the 
surgical neck of the humerus in 1. There may be recurrence of patho- 
logic fracture, and in Snapper and Parisel’s case 6 such recurrences were 
noted. In Kienbock and Schnek’s case, two pathologic fractures were 
noted at the surgical neck of the humerus, and a pathologic subperiosteal 
greenstick fracture was suspected in point of time between the two 
evident fractures. The femoral neck united in coxa vara. In Snapper 
and Parisel’s case there were deformity of both femoral shafts and 
shortening of one lower extremity as compared with the other. In 
Shelling and Voshell’s case there was a coxa vara deformity of the 
left hip with shortening of the left lower extremity of 3.5 cm. Healing 
was delayed in Kienbock and Schnek’s case, and pseudarthrosis devel- 
oped after the last pathologic fracture. 

Multiple xanthomatous lesions of the skin were present in Merrill’s 
case. 

Chemical studies were made in 3 cases. A high value, of 322 mg. 
of cholesterol per hundred cubic centimeters of blood, was found in 
Snapper and Parisel’s case on one occasion, but on other determinations 
the content was not above normal. In Shelling and Voshell’s case there 
was an increase of cholesterol in the blood to 221 mg., and in Kienbock 
and Schnek’s case the value was 140 mg. Burger’s test was carried out 
twice (Snapper and Parisel, Kienbock and Schnek). This test is not 
reliable or specific of change in cholesterol metabolism. Five grams of 
cholesterol is dissolved in 50 to 100 Gm. of olive oil and given to the 
fasting patient. The cholesterol content of the serum should reach 
a level twice as high four hours later, according to Burger. Burger’s 
test gave negative results in both cases, and there was no hypercholester- 
emia. The value for cholesterol ester is increased over that for free 
cholesterol in the presence of the Schuller-Christian syndrome, even to 
five times. Usuallv 60 to 70 per cent of the total cholesterol is cholesterol 
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ester. In Snapper and Parisel’s case, it ^vas SO per cent. The calcium 
content of the blood was 12.6 ang. per hiindi-ed cubic centimeters in 1 
case and nonnal (no figui'es given) in another. In 1 case, in which 
])arath 3 'roid exploration \^•as done at the same operative session when 
th 3 u-oidectomy was done for goiter, the calcium content of the blood was 
not mentioned. In Shelling and Voshell’s case the urinary excretion 
of calcium was normal, and the value for phosphatase was 8.4 units 
per hundred cubic centianetei's. 

We are not including a study of the skeletal changes associated with 
the Schiiller-Christian syndrome or of those at 3 'pical forms of this 
syndrome in which occasional flat or long bones are involved, as in 
Anspach’s case. The Schuller-Christian syndrome may demonstrate 
all or part of its triad of symptoms — exophthalmos, diabetes insipidus and 
changes in the skull in association with one or more skeletal xanthoma- 
tous lesions. Lazarewa’s study is an excellent one for reference. 

THEKAPy 

For the isolated forms of the disease, effective therapy consists of 
resection of the tumor (when possible) or curettage. When it is pos- 
sible to establish the diagnosis without biopS 3 ^ roentgen therapy, as 
advocated by Sosman, is the treatment of choice. It is, indeed, definitel 3 ’- 
indicated for the multiple form of the disease once diagnosis has been 
made. Ultraviolet irradiation therapy was used by Shelling and 
Voshell, and the disease was brought to a standstill. A diet low in 
cholesterol should be tried, especiall 3 ' in cases of multiple skeletal 
xanthomatosis with hypercholesteremia. 

The ultimate fate of the patient is not indicated in an 3 '’ of these 
case reports. There were no fatalities, but no patient can be said to be 
definitely cured. The disease is relative^ stationary, but new bone foci 
may develop, since the illness is a generalized metabolic disease. The 
isolated lesion is, then, only fortuitous or apparent. Function is dis- 
turbed in the not infrequent presence of pathologic fracture, and heal- 
ing may be delayed or deformity may develop. 
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HEREDITARY AND DEVELOPMENTAL DEFORMITIES 

Chondrodystrophy zvith Flattening of the Vertebrae . — Guerin and 
Lachapele ^ report a case of chondrodystrophy, the patient being a boy 
aged 7. They label the condition in this case “platybrachyspondylie,” 
since the vertebrae, particularly in the lower portion of the dorsal region, 
were large and flat, each tending to end anteriorly in a pointed extremity. 
This resulted in moderate dorsal kyphosis. Associated abnormalities of 
the skeleton in other regions were also found. In both feet there was 
a tendency to hallux valgus. The first metatarsal bone was large and 
short, with a large epiphysis. The second, third and fourth metatarsal 
bones were curved medially. In place of the scaphoid and the first cunei- 
form bone there were several ill defined centers of ossification and the 
second and the third cuneiform bone were fused. Both hips exhibited 
coxa vara deformity. There was general retardation in the development 
of most of the skeletal epiphyses. In reviewing the literature the 
authors found reports of 22 similar cases, with slight variations in the 
associated skeletal abnormalities. The authors feel that in cases of 
chondrodystrophy of the spine other skeletal defects would be found 
more often if roentgenograms of the remainder of the skeleton were 
taken routinely. 

This report of progress is based on a review of I4I articles selected from 225 
titles relating to orthopedic surgery and appearing in the medical literature approx- 
imately between March 1 and July 1, 1938. 

I. Guerin, R., and Lachapele, A. P. : Rev. d'orthop. 25:25, 195S. 
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Chondrodystrophy. — Sargent - had the opportunity to study 10 adults 
suffering from chondrodystrophia foetalis, 3 females and 7 males. The 
author believes that only the milder forms of this disease permit the 
patient to reach adult life. The disease appears to be transmitted by 
males. Roentgenologic and serologic studies showed no other disease 
in these patients. 

Atypical Chondrodystrophy. — Marquardt ^ describes 7 cases of 
growth disturbance. The first 3 are t3'pical cases of chondrodysplasia. 
The second group consists of the cases of 2 sisters. One of these cases 
is typical. The case of the other sister is only suggestive of the lesion, 
presenting multiple mild epiphysial disturbances. The third group con- 
sists of 2 cases in which there were multiple abnormalities of cartilaginous 
growth. The author, on the basis of roentgen findings in the pelves, the 
vertebrae and the knees similar to those seen in cases of chondrodysplasia, 
suggests that these are atypical cases and that many fleeting transitional 
types of such disturbance probably exist. 

Infantile Kyphosis. — Frejka'* points out that dorsal kyphosis is not 
uncommon in children between the ages of 4 and 14 and that there is a 
definite relation between k)'phosis and nasal obstruction. About SO 
per cent of a group of children with nasal obstruction due to adenoids 
showed some degree of increased dorsal kyphosis. Nasal obstruction by 
adenoid tissue or by chronic mucosal hypertrophy necessitates mouth 
breathing, and this superficial breathing is accomplished by means of tbe 
diaphragm, the abdominal muscles and tbe lower part of tbe thorax. 
The upper part of the thora.x is not used and remains in the position of 
expiration. This results in the thoracic vertebral column remaining in the 
position of expiration, curved forward to form an arc at the back. As 
the child grows the curve becomes more pronounced and more rigid. 
Treatment consists first in removal of the nasal obstruction and subse- 
quently in training directed toward breathing through the nose and 
with the thoracic cage. Good results are obtained if treatment is under- 
taken before the curve becomes rigid. 

[Ed. Note . — A similar deformity lias been observed in children 
suffering from asthma.] 

TUBERCULOSIS 

Treatment of Tuberculosis of the Foot. — Calve “ states that tuber- 
culous infection accentuates the anatomic dift'erences between the foot 
of an adult and that of a child. In a small child the great amount of 
cartilage surrounding the bony muscles of the tarsal bone preserves the 

2. Sargent. \V. S. : U. S. Xav. Bull. 36:67. 1938. 

3. !Marquardt, W.: .-\rdi. f. orthop. u. Unfall-Chir. 38:711, 1938. 

4. Frejka. B. : Rev. d'orthop. 25:110. 1938. 

5. Calve, J. : Bull. Soc. beige d'orthop. 10:175. 1938. 
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form of the bone and j^rotects the articulations from infection. In a 
child with tuberculosis of the foot, healing may occur or a fistula may 
develop. A minimum of two years is required for healing. During this 
period there should be complete immobilization and no attempt at stand- 
ing. If healing is long delayed in a case of tibiotarsal infection, one may 
•perform an astragalcctomy. If secondary infection has occurred, ade- 
quate drainage is the first requirement. Astragalcctomy is advised for 
drainage in the posterior part of the foot. For the distal tarsal bones 
bilateral drainage is advocated, with resection of the bone if necessary. 
Healing is often surprisingly good. The shape of the foot should be 
preserved if possible. Amputation should never be performed on chil- 
dren. Constant watch must be kept to prevent severe deformity. In 
adults, healing occurs in a fair number of cases after prolonged immobili- 
zation. When healing does not occur and secondary infection intervenes, 
amputation of the foot offers the best chance of cure. Resection and 
astragalcctomy should not be performed on adults. 

POLIOMYELITIS 

Treatiueut of Acute Poliomyelitis . — Mills ® gives an account of the 
so-called “Sister Kenii}- Treatment.” This method of treatment has 
been used in a “chain” of 1,400 cases in Australia but in only 35 cases 
in which the condition was in an early stage. In contradistinction to 
the orthodox methods, comprising rest, immobilization in neutral posi- 
tion, splinting and subsequent massage, the view is taken that the 
muscular pain results from venous engorgement and consequent 
anoxemia of the paral 3 'zed vessels and that the limbs must be treated 
eventually by foments and hydrotherapy to restore capillary tone and 
by movement through the full range of each joint every two hours. 
Pain and tenderness always respond to such treatment within three days, 
and a graded system of reeducation is started, usually within the first 
week of paralytic manifestations. It is claimed that in no patient 
treated by this method has deformity developed and that there has been 
no tropic disturbance, such as chilblains or impairment of growth. 

[Ed. Note. — This technic is now being tried at Queen Mary’s Hos- 
pital, Carshalton, England, where a ward has been set aside for the 
purpose. It is doubtful whether it will be long continued when the 
end results are compared with those following the commonty accepted 
treatment as reviewed in the last report of progress,] 

CHRONIC ARTHRITIS 

Gonorrheal Arthritis. — Criteria for diagnosis of gonococcic arthritis 
are, according to Spink and Keefer ; * ( 1 ) local gonococcic infection 

6. Mills, F. H.: Brit. M. J. 1:168, 1938. 

7. Spink, W. W., and Keefer, C. S.: New England J. Med. 218:453, 1938. 
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Active Braces for Scoliosis. — Wolf reviews the historical develop- 
ment of braces for the correction of scoliosis. The deformities for 
which correction is sought are: (1) curvature of the spine, (2) over- 
hang of tlie spine in relation to the pelvis, (3) torsion and hump forma- 
tion, and (4) diminution in height of the bod 3 ^ Most braces attempt 
tliree point pressure, i. e., pressure at both ends and at the apex of the 
curvature. The force cannot be made to act on the spine itself but must 
be applied tlirougli the ribs. For force to be exerted on the apex of the 
curve the force must be directed below the apex, since the idbs follow 
a downward direction. Pressure must also be applied obliquely. Axil- 
lary crutches can exert pressure only on the ribs; they cannot lift the 
shoulder girdle. Lateral displacement of the thorax can be improved by 
pushing on the same side with a pad against the pelvis or b}' pulling 
with a thigh band on the contralateral side. Scoliosis cannot be cor- 
rected b}’’ braces alone but correction can be continued by such means 
after the spine has been somewhat mobilized. 

OSTEOMYELITIS AND SUPPURATIVE INFECTIONS. 

Osteomyelitis Caused by Friedlander’s Bacillus. — Septicemia and 
osteomyelitis caused b)'’ Friedlander’s bacillus occur most commonly in 
adults. Talbot and Parlange “ report 1 case and review 5 others from 
the medical literature. This type of osteomyelitis is apparently rare and 
is always serious, death frequently resulting from septicemia; in 3 of 
the 6 reported cases the patients died. The diagnosis is made from bac- 
teriologic examination. Neither the clinical nor the roentgenologic 
appearance differs from the usual pathologic picture of osteomyelitis. 
Treatment is chiefly general and is directed toward relief of symptoms. 
Drainage is performed only when there is definite abscess formation. 

Pyemic Articular Metastases. — Wiesman reports 4 postmortem 
examinations in which pyemic articular metastases were observed. In 
3 cases the sacroiliac Joints (among others) were involved, and in 1, 
suppurative arthritis of the occipitoatlantoid joint and of the atlanto- 
epistrophic joint was observed. In the last-mentioned case cervical 
symptoms developed three days after a tonsillectomy. Wiesman analyzes 
the distribution of articular lesions in the protocols of 52 cases of pyemia 
observed in the pathological institute of the University of Zurich, 
Switzerland. The knee was by far the most often affected. The other 
major joints of the extremities were involved less frequent^. Sym- 
metric involvement was observed in one fifth of the cases. The infection 
was mainly streptococcic. 

10. Wolf, J.: Am. J. Surg. 39:557, 1938. 

11. Talbot and Parlange: Rev. de chir., Paris 76:271, 1938. 

12. Wiesman, E. : Deutsche Ztschr. f. Chir. 249:221, 1938. 
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Roentgen Diagnosis of Osteomyelitis of the Vertebrae. — McNutt 
reports in detail 2 cases of osteomyelitis of the vertebrae and includes 
an excellent review of the literature. In the acute form the disease 
is associated with high temperature, severe pain, prostration and high 
mortality. Paralysis is a frequent complication. The chronic form is 
milder in all its aspects and probably occurs as frequentty as the acute 
form. The disease occurs more frequently in males than in females. 
Any portion of the vertebral column may be affected, but the most 
frequent site is the lumbar region, the next in order being the cervical, 
the dorsal and the sacral region. Earty in the disease the roentgenogram 
ma)' be normal or may show only slight haziness; later the changes 
may be characteristic of raref3dng and proliferating osteitis. Commonly 
the condition develops as a destructive bone lesion which early shows 
new bone formation. 

Surgical Principles in Treatment of Infections of the Hand. — Koch 
outlines simple procedures whereby infection may often be prevented 
after an injury to the hand. If the patient is seen immediately the wound 
is thoroughly washed with soap and sterile water applied with soft 
cotton. When this is done infection rarely follows. The wounds are 
sutured immediately. Infection occurs more often when wounds are 
not treated for several da)'S. When infection has taken place the first 
essential is absolute rest. An attempt is made to localize the infection 
with large, warm, wet sterile dressings. Roentgen treatment of 
erythema dose, repeated in forty-eight hours, seems to be helpful. Ice 
packs are contraindicated for an infection of this type. Conservative 
treatment should be continued until localization of the infection has 
occurred. For each condition there is one best method of drainage. 
Operation should be performed with the region under a tourniquet. Rest 
and warm wet dressings should be continued after drainage has been 
instituted. If infection is unduly persistent a foreign body, sometimes 
a necrotic tendon or a bony sequestrum, should be suspected. The 
removal of the foreign body should be carried out gentlJ^ After infec- 
tion subsides, function should be restored if possible. 

Immobilization and Posture in Treatment of Infections of the 
E.vtremitics. — Wangensteen,^*^ writing on acute infections of the e.xtrem- 
ities, states that “an inch of gravity operating for three days will 
accomplish as much as three weeks of heat and massage.” Accordingly, 
he advocates rigid immobilization and elevation of the affected member 
in cases of infection. He prefers using immobilization by a plaster cast 
with appropriate windows for dressings to other methods of immobili- 
zation. He believes that one should strive for physical immobility and 
elevation, keeping the swelling at a minimum. 

13. McNutt, J. R.: Am. J. Roentgenol. 39:52, 1938. 

14. Koch. S. L.: Wc.=;t. T. Surg. 46:301, 1938. 

15. Wangensteen, C. H.: Minnesota Med. 21:22.5, 1938. 
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NKOPLASMS 

Primary Adamantinoma of the Tibia. — This tumor, which originates 
from dental enamel, is of extremely rare occurrence elsewhere than in 
the jaw. Dunne found only 6 cases in the literature, which he analyzes 
and discusses. A typical case is reported in detail, with photographs, 
roentgenograms and photomicrographs. Although diagnosis of this 
tumor is difficult to make by means of roentgenograms, biopsy of 
material obtained by aspiration is a safe and valuable procedure. Treat- 
ment consists of (1) amputation (if the tumor is extensive as in the 
case reported), or (2) resection (if the involvement is not great and 
if no cell pockets ai'e overlooked). Irradiation has proved disappointing 
except for some tumors of the jaw. The author feels that amputation 
should provide complete and lasting cure. 

Benign Osseous Lesions Shozving Invasion of Bone by Spindle Cells. 
— Murphy reports 4 cases of benign osseous lesions with invasion of 
bone by spindle cells, in which the lesions were treated with excellent 
results b)’- means of the roentgen rays. In 3 cases the condition was 
caused by a low grade infection. In the fourth case the lesion was a 
giant cell A'^ariety of osteitis fibrosa cystica. 

Hematologic Diagnosis of Multiple Myeloma. — Zadek has been 
able to make a diagnosis of multiple myeloma by vital staining of mar- 
row obtained by sternal puncture. He believes that the disease can at 
times be diagnosed by the finding of lymphoid or plasma cellular 
reticulum cells Avith "nuclear granules.” 

Primary Bone Tumor in Children. — Coley and Peterson discuss the 
primary tumors of bone obserA'^ed in children. Primary bone tumors are 
more frequently malignant in children than in adults. Diagnosis is 
often difficult. Pain in children is often to be explained on a rheumatic 
basis. Pain for Avhich no definite cause can be found indicates roentgen 
examination of the extremity. One should not Avait for the development 
of sAvelling. A study of the phosphatase, calcium and phosphorus con- 
tent of the blood is sometimes of value. Biops}’^ of material obtained 
by aspiration is sometimes helpful. The common benign tumors are 
solitary bone cyst, giant cell tumor, chondroma, osteoma and multiple 
congenital chondrodysplasia. The common malignant tumors are osteo- 
genic sarcoma, endothelioma and liposarcoma. These are best treated by 
roentgen therapy. Other malignant tumors are usually treated surgically 
if they are accessible. 

16. Dunne, R. E. : New England J, Med. 218:634, 1938. 

17. Murphy, J- T. : Am. J. Roentgenol. 39:586, 1938. 

18. Zadek, I.: Wien. klin. Wchnschr. 23:632, 1938. 

19. Coley, B. L., and Peterson, R. L.: Am. J. Sur.g. 39:334, 1938. 
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MUSCULAR INJURIES 

Rupture of the Biceps Brachii Muscle. — Waugh believes that 
I’upture of the biceps brachii muscle is not uncommon but is often 
unrecognized. He reports the cases of 14 patients admitted to the 
United States Marine Hospital in San Francisco and to the New Orleans 
Hospital and Dispensar}' for Women and Children. The injury was 
due to indirect trauma in 7 cases and to direct trauma in 4. In 1 it 
followed a stabbing injuiy, and in 2 the cause was uncertain. Among 
those in which it was caused by indirect trauma, a positive Wasser- 
raann reaction was obtained in 3. Rupture of the muscle may occur at 
any site. The long head of the biceps muscle is most frequently ruptured 
(12 of the reported cases). Rupture in the bicipital groove is usually 
the result of degenerative changes. Rupture below the bicipital groove 
is common in direct trauma. The short head of the biceps muscle was 
torn in 2 cases. The symptoms and signs were variable. There was 
always a history of trauma followed b)^ pain, Aveakness in the arm and 
discomfort in the shoulder. In the cases reported the most constant 
sign AA'as a deformity in the contour of the biceps muscle. Tivelve of 
the 14 patients Avere operated on. Rupture of the long tendon Avas 
usually easily repaired. A tear at the myotendinous junction usually 
required a fascial transplant. For partial rupture the author advises 
rest Avith the tendon in a position of relaxation. 

Tenosynovitis of file Long Head of the Biceps Brachii Muscle . — 
Tenosynovitis of the long head of the biceps muscle Avas found by 
Schrager to be the most common cause of extra-articular pain in the 
shoulder joint in his cases. Trauma Avas the chief cause. Pain Avas 
definitely localized in the bicipital groOA’e, and motion was limited much 
as in cases of bursitis. Schrager’s treatment consists of heat and rest 
folloAved by diathermy and in cases of seA’ere iiwolA^ement by faradism. 
In some cases improvement is obtained by sudden traction on the arm 
AA’hile it is relaxed and abducted. 

MISCELLANEOUS 

Articular Osteochondroma. — CurneA-ali studied microscopically 
osteochrondromatous nodules remoA'ed from the knees of patients. 
These nodules AA’ere in the final stage of a proliferating process. The 
cartilage had been preserA-ed by osmotic nutrition, Avith resulting hyper- 
plasia of the synovial membrane. This AA’as followed by secondarA 
metaplasia of the enlarged synoA'ial A-illi into chondromatous nodules. 
CumeA’ali states that ossification progresses as long as the nodules ha\c 
vascular connections. 

20. Waugh, R. L.: South. M. J. 31:619, I93S. 

21. Schrager, V. L. ; Surg., Gyncc. & Obst. 66:785, 1938. 

'’2. Cumcrali, S. L. ; .Arch, di ortop. 53:713, 1938. 
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Spontoiicoiis Osseous Fissures . — Leriche and Jung-® describe the 
case of a woman aged 38 who complained of dull pain in the region of 
both hips for three years. There was no history of trauma or illness. 
Roentgen examination revealed three cortical cracks, one in the inferior 
portion of the medial cortex of each femoral neck and one in the 
descending ramus of the pubis. There was slight periosteal reaction 
around each. The calcium content of both the serum and the urine was 
low, bordering on the values found in cases of tetany. Parathyroid 
extract, lime salts, vitamin D and ultraviolet irradiation were given. 
Eight weeks later the pains had greatly diminished. The values for 
calcium were approximate!)' the same as when the patient was first seen. 
The authors mention 4 similar cases which they found reported in the 
literature. They offer no solution but feel that there is some underlying 
fault in the growth of the bones which produces this picture. 

[Ed. Note. — The condition in these cases is similar to the “pseudo- 
fracture” of the tibia recentl}' reported but not as yet published by one 
of the editors.] 

Spurs on the Os Calcis . — Steindler and Smith "* contrasted two 
series of patients with painful spurs of the os calcis, one group being 
given conservative treatment with foot supports and the other being 
given operative treatment. There was very little to choose between 
the results in the two groups. Symptoms were controlled in 46.4 per 
cent of the patients conservatively treated. The percentage of success- 
ful operations was 59. The authors concluded that the symptoms of pain- 
ful heel with spur of the os calcis may be controlled in about half the 
cases by conservative measures. When conservative treatment fails, 
operation is indicated. In the authors’ cases, if simple excision of the 
spur was followed b}' recurrence a rotation osteotomy of the os calcis was 
performed. 

Posterior Hernia of the Knee Joint. — Haggart states that although 
a posterior hernia of the knee joint may simulate an internal derange- 
ment of the knee, the condition is correctly diagnosed when cystic 
swelling is found in the popliteal space, located usually in the midline 
and distal to the cutaneous flexion crease in this region. Clinically the 
symptoms vary from aching discomfort to severe, binding pain in the 
region of the knee, often associated with intermittent effusions into 
the knee joint and with moderate to marked disability. The hernial 
sac usually communicates with the joint by a pedicle 1 or 2 cm. in length, 
arising either above or Ijelow the oblique popliteal ligament. The hernial 
sac may occasionally dissect its wa)’ down the leg to the region of the 

23. Leriche, R.. and Jung. A.: Lyon chir. 35:47, 1938. 

24. Steindler, A., and Smith, .A. R. : Surg., Gynec. & Obst. 66:663, 1938. 

25. Haggart. G. E.: J. Bone & Joint Surg. 20:363, 1938. 
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midshaft and lie on top of the gastrocnemius muscle and beneath the 
deep fascia. Excellent drawings illustrating the anatomy of the region of 
the knee joint accompany Haggart’s article. Microscopic examination 
reveals the lining of the hernial sac to be true mesothelium which 
cannot be distinguished from the synovial membrane of the knee joint. 
Signs of acute and chronic inflammation are present. Treatment is 
operative removal of the sac. An incision is made in the midline over 
tlie site of the swelling, the lower end of the incision being carried 
to the medial or the lateral side, depending upon the location of the 
sac. After division of the deep fascia, inspection reveals a fibroserous 
wall of the sac, which is freed by sharp dissection, beginning at the 
distal portion. It is necessary to divide some of the tendon and fibers 
of the gastrocnemius muscle. The popliteal nerves and vessels are dis- 
placed to the lateral side of the leg. When the sac is entirely free the 
pedicle is clamped, tied and cut. The stump is then inverted into the 
knee joint, and the foramen in the capsule is closed with heavy silk 
mattress sutures. A posterior plaster splint with the knee in full exten- 
sion is applied for ten days. Exercises for “setting” the quadriceps 
muscle are given during this stage. Early weight bearing (with the 
patient on crutches) is encouraged. 

ORTHOPEDIC OPERATIONS 

Use of Os Punun in Bone Implantation. — Os purum, i. e., bone 
treated physicochemically, freed of connective tissue, fat and protein 
and then cleansed, was used by Orell to promote bony healing in 
cases of tuberculosis of bones and joints. In both compact and spong)’’ 
form the material was used to fill osseous defects left by surgical pro- 
cedures and to fix (fuse) adjacent parts of the skeleton after resection 
of diseased tissue. By this method the author was successful in securing 
ankylosis of resected ankle joints in 6 of S cases. In 14 cases of 
arthrodesis of the knee the treatment was successful. Five shoulders 
were successfully fused. In addition some cases are reported in which 
tuberculous foci in the metacarpal or the metatarsal bones, the os calcis, 
the tibia, the femur and the pelvis were curetted and packed with os 
purum, with apparent healing. Most of the cases reported were followed 
' for several years. The advantages of os purum are: (1) It may be 
stored for long periods; (2) there is no limit to the size and shape of 
the material used, and (3) an accessory operation to obtain fresh 
autoplastic bone is not necessar}-. 

A'nc.’ Operatkr Treatment for Congenital Dislocation of the Hip. 
Krinitzk}- describes a new operation for congenital dislocation of the 
hip. to be used in “old” cases in which the dislocation cannot be reduced 


26. Orell, S. : Surj:., Gyncc. & Obst. 6G:23, 193S, 

27. Krinitzky. J. M. : Lyon chir. 35:188. 1938. 
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formed within twenty minutes. In the first group, arteriosclerosis was 
the cause of disease in 32 per cent of the cases, diabetic gangrene in 32 
per cent, thromboangiitis obliterans in 14 per cent and osteomyelitis in 
9 per cent. In the second group, trauma alone ^vas a factor in 47 per 
cent of the cases, embolism in 20 per cent, osteom 3 "elitis in 13 per cent, 
diabetes in 7 per cent and diabetes with arteriosclerosis in 7 per cent. 
The average age in the second group was 43 and that in the first group 
57 years. 

Transplantation of the Brachioradialis Muscle for Weakness of the 
Triceps Muscle . — Ober and Barr report a method of using the 
brachioradialis muscle for paralysis of the triceps muscle in cases of 
poliomyelitis. The brachioradialis muscle is exposed by an incision 4 
inches (10 cm.) abor^e the lateral epicond 3 de, extending downward on 
the posterolateral aspect of the humerus to 4 inches below the radial 
head on the lateral side of the forearm. The anterior margin of the 
brachioradialis muscle is defined, and its nerve and blood supply are 
found. The free anterior margin of the brachioradialis is rolled laterally 
and is sutured to the fascia and periosteum along the subcutaneous 
edge of the ulna, to the olecranon and to the triceps tendon. The arm 
is immobilized in full extension and supination. Exercises are started 
in ten days. Five patients have been operated on, and in' all of them 
great improvement of function in extending the elbow has been noted. 

Operation to Improve Function in Cases of Paralysis of the 
Quadriceps Muscle . — Yount modifies his original operative technic 

b 3 ' a more radical dissection of the fascia lata in order to utilize effec- 
tivel 3 ’’ the muscular power available in the gluteus maximus muscle. 
Also, the biceps muscle is mobilized more freely in order to improve its 
direction of pull. B 3 '’ means of a long cutaneous incision the long head 
of the biceps muscle is separated from the short head. The fascia lata 
is stripped up to the insertion of the gluteus maximus muscle laterally, 
and the medial edge is freed up to the tensor fasciae femoris. A sheath 
is made of the remaining fascia lata to serve as a guide for the trans- 
plants. At the patella, insertion is made b 3 ’’ two drill holes. Massage 

and muscular reeducation are begun the fifth week after operation. 
Braces are usually worn for six to eight weeks for walking. The opera- 
tion is described in detail and illustrated with line drawings. 

Opposition of the Thumb . — In an excellent and well illustrated 
article Bunnell describes the “opposition” and goes into detail regard- 
ing the range of motion of the thumb. After naming the causes of 

30. Ober. F. R.. and Barr, J. S.: Surg.. Gynec. & Obst. 67:105, 1938. 

31. Yount. C. C. : J. Bone S: Joint Surg. 20:314. 1938. 

32. Yount, C. C. : J. Bone S: Joint Surg. 8:171. 1926. 

33. Bunnell. S.: J. Bone & Joint Surg. 20:269. 1938. 
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loss of opposition he describes methods of its restoration. He feels that 
there are two essential principles of tenoplasty. First, the tendon from 
its insertion in the thumb should be passed subcutaneously in the direc- 
tion of the pisiform bone, so that it will pull the thumb in the correct 
direction, and second, the insertion of the tendon should be on the 
dorsoulnar aspect of the face of the proximal phalanx of the thumb, so 
as to restore the pronatory component. He also mentions briefly other 
methods of restoring opposition of the thumb, as described by other 
authors. The operative technic advocated adheres to the two essential 
principles mentioned. For motor power the flexor carpi ulnaris tendon, 
the palmaris longus tendon, the flexor digitorum sublimis tendon of the 
ring finger or an)*^ of the available long flexor muscle tendons may 
be used. The extensor carpi radialis brevis tendon or the palmaris 
longus tendon may be prolonged sufficiently by use of its prolongation, 
the palmar fascia, or any tendon desired can be pieced out b)’’ a free 
tendon graft either from the palmaris longus tendon or from any other 
tendon available. For the construction of a pulley at the pisiform bone, 
a free tendon graft from the palmaris longus or from any other available 
tendon can be looped around the short muscle and tendon attachment 
to the pisiform bone and sutured to itself, so that it forms a circle 2 cm. 
in diameter. The sutured junction is then slipped around until it is 
within the muscle. Instead of constructing a pulley one may pass the 
tendon used around the flexor carpi ulnaris tendon and on to its insertion 
in the phalanx of the thumb. For the sake of clarity, Bunnell’s technic 
is shown in line drawings and photographs. 

Treatment of Athetosis by Section of the E.xtrapyramidal Tract . — 
Putnam reports 27 cases in which section of the extrapyramidal tracts 
in the spinal cord was done. Twenty-three of the patients were suffer- 
ing from the “athetoid syndrome.” Of these, 17 showed varying degrees 
of improvement. There were 3 postoperative deaths. In 4 of the 27 
cases there was no improvement. On further analysis the patients in 
these cases were found to be of a different type from those with the 
“athetoid syndrome.” The tremor was of a type of which paralysis 
agitans is the familiar example. In the series of 23 patients 12 were 
female and 11 male. The ages varied from 8 to 56. Thirteen had 
bilateral athetosis. Twelve had normal or superior mentality and IS had 
a history of difficult delivery. The operation is carried out as high as 
possible, usually at the second cervical interspace. It consists of cutting 
the nonpyramidal motor pathways which lie in the anterior quadrant 
of the spinal cord, consisting of the vestibulospinal, reticulospinal and 

34. Putnam, T. J.: Results of Treatment of Athetosis by Section of the Extra- 
pyramidal Tracts in the Spinal Cord, Arch. Reurol. S: Psychiat. 39:258 (Feb.) 
1938. 
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tectospinal pathways, with perhaps a few corticospinal fibers. If 
torticollis is present the operation is combined with section of the first 
three anterior roots. Putnam stresses the danger of operating on 
more than one side of the cord at one time. 

Durham found that marked internal rotation of the thigh in cases 
of cerebral spastic paratysis was not relieved by division of the adductor 
and flexor muscles and lengthening of the hamstrings but was relieved 
by division of those parts of the gluteus muscles which are attached 
anterior to the tip of the greater trochanter as well as by division of the 
tensor fasciae latae muscle. For this procedure a short diagonal cuta- 
neous incision is made from behind immediately forward over the 
greater trochanter. Immobilization in plaster is used to maintain the 
thigh in abduction and full external rotation for six to eight weeks. 
Thirty-two operations of this nature have been performed on 20 patients 
in the past six years, with correction maintained in all cases. 

Posterior Radicotoiny for Spastic Paralysis . — Yovtchitch ““ speaks in 
defense of Foerster’s operation, resection of the posterior nerve roots, 
in cases of severe spastic paralysis. He emphasizes the importance of 
muscular reeducation for all spastic patients. Tenotomy and the Stoffel 
operation should be utilized only for the milder forms of spasticity. The 
author e.xpresses disagreement with those who feel that resection of the 
posterior nerve roots is too severe an operation for the spastic child 
to undergo. He has done 7 operations on 6 patients since 1925. Some of 
the operations ha^'e been cervical and some lumbar, and no untoward 
complications have followed any of them. It must be ascertained before 
operation that the child has sufficient intelligence to undertake post- 
operative muscular reeducation, and this sometimes requires a long 
period of observation. The author states that in every case the spasticity 
has subsided immediately after the operation, and in 1 case of athetosis 
the movement ceased. The^results after several years of follow-up 
appear to be permanent. T/'e author believes that no other procedure 
at present can equal the Foe^ster operation for severe spastic conditions. 

[Ed. Note. — ^This procedure has been given up almost entire!}' in 
America. It will be interesting to follow the author’s opinion after he 
has had wider experience with this operation.] 


FRACTURES 

Fracture of the Atlas in Automobile Accidents . — Plant has added 
6 cases of fracture of the atlas to the 93 recorded in the literature. The 

35. Durham, H. A.; J. Bone & Joint Surg. 20:339, 1938. 

36. Yovtchitch. M. : Presse med. 46:689, 1938. 

37. Plant, H. F. : Fracture of the Atlas in Automobile .Accidents : The \ aliie 
X-Ray \’ie\vs for Its Diagnosis. J. .A. M. A. 110:1892 ('June 4) 1938. 
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Central Fracture of the Neck of the Femur. — Campbell and his 
associates have operated in 49 cases of complete central or intra- 
capsular fracture of the neck of the femur, employing the three-flanged 
nail to secure internal fixation. Twenty-nine patients have been fol- 
lowed for over one year. Of these, 88 per cent are reported to show 
solid union. However, 9 per cent show degenerative changes indicative 
of devitalization of the femoral head, with an ultimate prognosis of poor 
function. Campbell states that internal fixation materially decreases 
the time in which union is secured, conserves the function of the hip 
and knee and decreases the mortality by reason of the less extensive 
means of immobilization and the shorter confinement to bed. 

Fracture of the Neck of the Femur Treated by Oblique Osteotomy. 
— McMurray*^ reviews the method of Whitman and that of Smith- 
Petersen for the treatment of transcervical fracture. With Whitman’s 
method union may be expected in 50 to 60 per cent of cases. With 
Smith-Petersen’s method 70 to 80 per cent of patients obtain union, but 
of these about one fourth have aseptic necrosis of the femoral head 
within four or five years. Oblique osteotomy was first performed in 
27 cases of nonunion of the neck of the femur and later was tried in 
4 cases of recent fracture. In all these cases the result was satisfactory, 
the only deformity being a shortening of to % inch (1.2 to 1.9 cm.) 
and the only limitation being inability to adduct the leg across the middle 
line. The operation consists of osteotomy of the shaft of the femur 
just below and parallel to the lower border of the neck of the femur. 
The shaft is displaced inward, the cut surface of the shaft being brought 
close beneath the line of fracture through the neck and beneath the 
lower border of the acetabulum. The limb is enclosed in a plaster spica 
in the neutral position. Callus formation extends from the shaft into 
the cervical fracture line, fusing all three fragments and giving a stable, 
painless hip with good range of motion, limitation being present only 
in adduction. 

Ambulatory Method of Treating Fracture of the Femoral Shaft . — 
Anderson describes a further elaboration of his apparatus for 
fixation of fracture’ of the femoral shaft. The half pins are placed 
through the femoral shaft at an angle, and their protruding ends are 
connected b}’ a bar. Two pins, also at an angle, are drilled through the 
femoral cond 3 'les from the inner side. After the fracture has been 
reduced, the thigh, with the upper and the lower pin, is incorporated 
in plaster. The entire procedure is usually carried out on a fracture 

40. Campbell, W. C. ; Minnesota Med. 21:260, 1938. 

41. McMiirray, T. P. : Brit. !M. J. 1:330, 1938. 

42. Anderson, R. : Am. J. Surg. 39:538, 1938. 

43. Anderson, R. : J. Bone & Joint Surg. 16:379, 1934. 
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proximal third of both bones was treated in 111 cases, the average period 
of immobilization (in a long arm plaster cast) being forty-eight days. 
Three patients were left with mild angulation and lost 30 per cent of 
supination. Otherwise the end results were excellent. A striking 
feature was the fact that there were 14 cases of circulatory disturbance 
requiring splitting of the plaster and 4 cases in which refracture 
occurred. Two fractures with punctures of the skin healed without 
complication. In 36 cases of fracture of the distal third of both bones 
with lateral displacement the average period of immobilization in plaster 
was forty-six days. Eight temporary circulatory disturbances were 
noted ; 4 resulted in slight radial angulation of 1 in a loss of 20 degrees 
of supination. Of 40 fractures of both bones in the middle and the 
proximal third of the forearm with lateral displacement, 37 were 
reduced by the close method and 3 required the use of operative methods 
(2 being treated by double wire traction and 1 by plating with the Lane 
plate). Thirteen fractures were reduced under the fluoroscope. The 
average period of immobilization was fifty-seven days. The end results 
were good. In 5 cases there was slight dorsal angulation and in 3 a 
20 per cent loss in supination. In summary, of these 398 fractures in 
children treated by unpadded plaster, it may be said that the results 
are excellent. The author explains the occurrence of circulatory dis- 
turbance in 32 cases as caused by the development of a secondary, 
operatively produced hematoma during the manually produced fracture 
of the remaining cortex in correction of greenstick deformities. He 
believes delaying reduction for twenty-four hours will help for green- 
stick lesions but that early reduction will help most for lesions with 
lateral displacement. He notes the frequency of refracture in children 
and advises continued guarding even after roentgenographic union has 
occurred. 

The data in the second group are as follows : Of 34 fractures of 
the radius in the middle and the proximal third, 26 required reduction ; 
1 required open reduction. There were 6 circulatory disturbances ; 
1 untreated for four days, ended disastrously. In the study of end 
results, 4 presented limitation of pronation and supination. All were 
treated simph' by fixation in plaster (long arm cast) even if the distal 
ulnar-radial ligaments were torn. The hand was fixed in supination 
for fractures of the proximal third and in midposition for fractures 
of the distal third. Of 24 fractures of the ulnar shaft union was 
obtained after an average of fifty-eight days’ fixation in plaster (long 
arm cast). Only 5 had showed any displacement. Of 30 fractures 
of the shafts of both bones, 17 were treated by fixation, 8 by double 
wire fi.xalion and 5 by open operation. Aside from the cosmetic inferi- 
ority of the results in cases in which casts were used, the results 
statisticallv seem as good as in those in which wire extension was used. 
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[Ed. Note. — ^This large series of fractures of the forearm treated 
for the most part b}’’ simple means suggests that careful supervision 
through the entire period of healing is the best guarantee of a satis- 
factory result.] 

Fracture Disabilities of the Forearm . — Steindler reviews the dis- 
abilities following fracture of the forearm. He lists these under (1) 
malalinement of Colies’ fracture, (2) nonunion of fracture, (3) arthritis 
of the wrist joint and (4) soft tissue contractures. These common 
disabilities can be largely prevented by more perfect reduction of the 
fracture. Disturbances of the nerves and circulation are not always 
preventable. Early repair of neural lesions, judicious physical therapy, 
adequate splinting, elevation of the forearm, freedom of the fingers, 
passive motion and subsequent exercises are of greatest importance. 

Injuries to the Triangular Ligament of the Wrist . — Guillermo 
stresses the fact that injuries to the triangular ligament of the wrist 
often are unrecognized and may lead to persistent disability. The 
ligament is biconcave and acts as an elastic cradle for the head of the ulna. 
It originates from two roots, one from the inferior surface of the radius 
and the other from the small sigmoid cavity of the radius, and extends 
horizontally beneath the head of the ulna to terminate in two roots, one 
on the external aspect of the ulnar styloid process and the other between 
the styloid process and the head of the ulna. During supination and pro- 
nation the radius rotates around the axis, passing through the head of 
the ulna. During these movements the triangular ligament acts as a 
shock absorber and takes the pressure of the hand from the ulnar head. 
During a fall on the hand with the wrist in pronation the ligament is 
put on the stretch and prevents separation of the radius and the ulna. 
An osseous injury to the lower part of the radius or the ulna may involve 
the triangular ligament, but injury to the ligament may also occur in 
the absence of osseous injury. Hence, roentgenographic integrity 
of the bones does not necessarily mean that the ligament has not been 
damaged. Clinical signs of injury to the ligament may be present. 
With rupture of the ligament there may be dorsal displacement of the 
ulna, and if this has occurred the head of the ulna may be moved up 
and down by pressure with the thumb. This sign has no significance 
in children because of the flexibility of the ligament. In the presence 
of an old lesion there may be crepitus in the wrist on motion, or a 
definite click may be felt as the head of the ulna is pushed into place. 
Pain and limitation of supination and pronation may result from separa- 
tion of the radius and the ulna. In case of persistent disability the 
author advises removal of the triangular ligament. 

46 . Steindler, A.; J. Connectient 11. Soc. 2 : 16 j , 1938. 

47. Guillermo, J. : Rev. d’orthop. 25:125, 1938. 
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Fractures of the Scap^ila and Ribs. — Findlay reviews 37 cases of 
fracture of the scapula and 163 cases of fracture of the ribs. In 25 
of the scapular fractures there were associated bony injuries in other 
parts of the body. Associated fractures of the ribs were most common. 
The body of the scapula was the most commonly fractured, this being the 
site of fracture in 29 cases. Other fractures were distributed as fol- 
lows ; glenoid fossa, 7 ; acromion, 4 ; spine, 2 ; neck, 2 ; coracoid process, 
2. The treatment is rest in bed and support, usually followed by heat, 
massage and exercise of the shoulder after the first week. Open reduc- 
tion was attempted in 1 case but was unsuccessful. Incomplete fractures 
were treated with a sling, and the patients were allowed to walk. Four 
of these patients died in the hospital from multiple injuries. Of 12 
that could be traced, 8 showed good results, 3 fair results and 1 a poor 
result. Most of these fractures occurred in middle-aged laborers. The 
ribs most frequently fractured were the fifth, sixth and seventh. The 
first and the twelfth were least often broken. Forty of the patients 
died in the hospital from associated injuries. Among these there were 
5 with laceration of the lung, 6 with hemothorax and 6 with hemo- 
pneumothorax. The common form of treatment was strapping with 
adhesive plaster. The end results in 25 of 32 cases were good ; 7 patients 
had persistent pain. When there is severe respiratory embarassment 
with fracture of the ribs, unrelieved by strapping, the administration 
of oxygen is advocated. For hemothorax the author suggests, but has 
not tried, aspiration and replacement of the fluid with sterile air. An 
increase in temperature to 104 or 105 F. after a slight, constant fever 
in the presence of pleural effusion or hemothorax suggests the probable 
presence of empyema. 

Treatment of Slipping of the Upper Femoral Epiphysis. — Wilson 
discusses two points; (1) the treatment of earl}’- stages of slipping of 
the upper femoral epiph)'sis, and (2) the effect of operative fusion 
of the upper femoral epiphysis on growth of the lower extremity. 
Early treatment requires alertness on the part of the physician to make 
a correct diagnosis. In this case of a patient between the ages of 10 
and 16 years, complaining of intermittent pain and stiffness in the knee 
or thigh, with at times a noticeable limp, one should consider slipping 
of the epiphysis as one of the first possibilities. In approximately 70 
per cent of cases the patient is overweight. Roentgen examination 
reveals irregular rarefaction of the metaphysial zone of the neck in 
immediate contact with the epiphysial cartilage, giving a characteristic 
appearance of widening of the epiphysial line. This is always evident, 
e'^pecially on comparison with the normal hip. The author believes that 

4S. Findlay, R. T. : Am. J. Stirg. 38:489, 1937. 

49 Wilson, P. D.: J. Bone &- Joint Surg. 20:379, 193S. 
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real slipping occurs as soon as the epiphysis is loosened. Without slip- 
ping it is doubtful if there would be any symptoms. A lateral roent- 
genogram usually gives more information than an anteroposterior one. 
Treatment consists of fixation as soon as a diagnosis is made. With 
the patient under general anesthesia an incision is made over the lateral 
aspect of the trochanter, and the Smith-Petersen nail is started at a 
point about 1 inch (2.5 cm.) below the ridge for the insertion of the 
vastus lateralis muscle. The leg is held by an assistant with the hip 
internally rotated as much as possible, and the nail is driven home at 
the angle and to the depth previously determined from measurements 
of the roentgenogram of the hip. Arthrotomy of the hip joint is not 
necessary, and replacement of the slightly displaced head is not nec- 
essary unless the head has slipped off more than one third of the diameter 
of the neck of the femur. Fusion of the upper femoral epiphysis has 
shown that serious shortening of one extremity does not result. Cer- 
tainly growth from the epiphysis has been known to stop when nailing 
or drilling through this region is done, but follow-up studies in 9 cases 
revealed no increase in the amount of shortening after the operation. 
Closure of the unaffected epiphysis usually takes place within two years 
after the occurrence of slipping, which is frequently considerably in 
advance of the normal time. The author gives complete histories of the 
9 cases reported, showing roentgenograms, pictures and photographs 
of the patients. 

After-Care of Fracture. — In the after-care of fracture, Hoke and 
his associates advise roentgen examination of reduced fractures once 
a week until there is sufficient union to prevent slipping. In the heal- 
ing of fractures there should be no pain. Pain is usually the result of 
undue pressure on the body from the retaining apparatus. All apparatus 
should be so arranged by skeletal plaster fixation or skeletal plaster 
traction that the patient can be moved from his bed to a wheel chair 
daily. Compound fractures, after cleaning and reduction, are packed 
with petrolatum gauze to permit drainage and healing of the wound. 
Motion in the joints adjacent to a fracture should be begun when there 
is sufficient callus to prevent displacement of the fragments. Firm 
union of the fractured bone, however, is more important than articular 
motion. For recovering motion in a joint, heat, massage and the gal- 
vanic current are of value. The authors describe simple splints to 
protect the site of fracture when use is first resumed. 

Functional Disabilities After Simple Fracture.— Qur A discussed 
disabilities arising from simple fracture and not due to easily recognized 
causes, such as shortening, angulation or nonunion. He suggests that 


50. Hoke, M.; Thornton, L., and Sandison, C: J. M. A. Georgia 27:20, 193?. 

51, Gurd, F. C. : Surg., Gynec. & Obst. 66:489, 1938. 
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disability following apparently uncomplicated fractures is often due to 
osseous atroplty and associated changes in tendons and ligaments. The 
chief cause for such atrophy, he concludes, is hyperemia. This hyper- 
emia persists because of irritation at or about the site of fracture. The 
main causes of such irritation are: (1) inadequate fixation, and (2) 
short period of absolute fixation to prevent atrophy. Adequate fixation 
of sufficient duration should be employed, and at the same time function 
should he established as complete^ and easily as possible; i. e., with 
fracture of the lower extremity protected weight bearing should be 
begun, and in the upper extremity there should be absolute fixation 
of the area of fracture with as great freedom as possible for the hand 
and fingers. 

Functional Disabilities after Simple Fracture. — Every fracture 
should be regarded as a potential source of permanent disability, accord- 
ing to Henderson.®- He mentions the posterior deformity of the wrist 
caused by Colles’ fracture, the posterior displacement caused b)' supra- 
cond3dar fracture of the humerus and the sometimes associated Volk- 
man’s contracture. At the ankle joint the common deformities are 
nonunion of the internal malleolus, valgus deformity and valgus deform- 
ity with posterior displacement. At the hip joint, nonunion of fracture 
of the femoral neck is the most common. Phj^sical therapy and methods 
of correcting these deformities are discussed. 

RESEARCH 

In fluence of the Sympathetic Nervous System, on Healing of Frac- 
tures. — Lexer first reviews the literature on s 3 'mpathectomy. He then 
recounts the findings of Wassiljeff and Scholondz,®'* who noted marked 
differences in homoplastic graft healing in S3mrpathectomized dogs. 
Using rabbits. Lexer repeated the experiments. He found that while 
the leg operated on was apparently stimulated to repair the defect faster 
than it was repaired on the normal side, no true healing of the trans- 
plant to its base took place. In 34 S 3 'mpathectomized animals and 21 
controls the author studied callus formation after manually fracturing 
the femur. At various stages of healing the animals were killed, and 
the vascular network of the callus was visualized roentgenographically 
bv injection of opaque mediums. Histologic sections were also prepared. 
It appeared that although the callus was larger in the s 3 ’mpathectomized 
animals, union of the fracture was always slower. While S 3 'mpathec- 
toiny may speed up callus formation in cases of delayed union, it is clin- 
ically uncertain and dangerous. In the presence of true pseudarthrosis 
svmpathetic division is completeh- without value. 

52. Henderson, M. S. : Arch. Phys. Therapy 19:7, 1938. 

53. Lexer, E. W.: Deutsche Ztschr. f. Oiir. 249:337, 1937. 

54. Wassiljeft, A. A., and Scholondz, A. M.: .Arch. f. klin. Ch!r. 178:148. 193 j. 
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easily traced into the femoral head. In 14 cases no vessel or only very 
feeble vessels were found. In 24 cases there were vessels in the 
proximal part of the ligament, which, however, soon broke up into small 
branches and were difficult or impossible to trace into the head. In 15 
cases vessels had been obliterated by arteriosclerosis. Arteries in the 
ligament were observed in specimens from all age groups, but in those 
from the higher age groups vessels were more frequently ‘lacking or 
small or had been obliterated by arteriosclerosis. The blood supply, 
when present, was never by a single artery but always by several small 
arteries. Vessels were demonstrated in each of the 20 cases in which 
intracapsular fracture had occurred. It is interesting to note that in 
nearly all of these the vessel was of larger caliber than those found in 
the normal hip, indicating an ability of the arteries to adapt themselves 
to the increased demand for blood in the femoral head. 

Anatomy of the Sternoclavicular Joint . — Remarking on the paucity 
of reports on the sternoclavicular joint, Rathcke,^® after reviewing the 
standard anatomic descriptions describes his findings in various speci- 
mens classified according to age. He observes that more often than 
not the two joint compartments formed by the intra-articular disk com- 
municate at one point. The fibers of the disk in youth have a regular 
pattern, and blood vessels are visible only peripherally. With advancing 
age the pattern becomes less clear. The disk is fragmented in places and 
becomes stained a yellowish color (this is similar to Schmorl’s observa- 
tions on the intervertebral disks). No synovial lining was found. The 
occurrence of effusion in the joint, therefore, is questioned by Rathcke. 
With advancing age, just as the disk undergoes attritional changes 
similar to those seen in the meniscuses, the component joint surfaces 
of the clavicle and the sternum lose gradually their hyaline cartilage. 


58. Rathcke, L. D.; Ztschr. f. Chir. 249:162, 1938 
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Blinlck, G. : IMeclianlcal intestinal obstruction 
complicating pelvic inflammatory disease, 
498 

Block, L. H. ; Pilonidal sinus ; sclerosing method 
of treatment, 112 
Blood : See also Leukocytes 
calcium ; treatment of postoperative para- 
thyroid Insufliciency with dissolved calcium 
lactate, 490 

pressure, high ; hypertension and renal dis- 
ease, C82 

Boggs, R. : Endometriosis of umbilicus ; vicari- 
ous menstruation following hysterectomy, 
042 

Bollman, J. L. : Hepatic damage in biliary dis- 
ease ; Its relation to concentration of bile 
acids in bile, 790 

Bones ; See also under names of bones 
acute osteomyelitis of long bones of adults, 
531 

arterial occlusion with aseptic necrosis of, 920 
atrophy; chondrodystrophy (chondro-osteo- 
dystrophy) with flattening of vertebrae, 1033 
atrophy ; functional disabilities after simple 
fracture, 1053, 1054 

benign osseous lesions showing invasion of 
bone by spindle cells, 1039 
diffraction studies on human bone, 1055 
Diseases : See Osteitis ; Osteocbondrltis ; Osteo- 
myelitis ; etc. 

osseous changes In fetus produced by calcium 
and vlosterol, 351 

primary bone tumor in children, 1039 
solitary bone cyst and giant cell tumor, 345 
solitary xanthoma (lipoid granulomatosis) of, 
1017 

spontaneous osseous fissures, 1041 
subacute Infections of; osteoperiostitis albu- 
mlnosa Ollier, 40 

transplantation ; use of os punim In bone Im- 
plantation, 1042 

tuberculosis ; osteitis tuberculosa multiplex 
cystoldes, 330 

Bottin, J. : Treatment of intestinal obstruction, 
735 

Bower, J. 0. : Spreading peritonitis complicating 
acute perforative appendicitis ; experimental 
studies, 751 

Boyce, F. F. : Studies of hepatic function by 
Quick hlppurlc acid test ; biliary and hepatic 
disease, 401 

Studies of hepatic function by Quick hlppurlc 
acid test; tliyroid disease, 427 
Studies of hepatic function by Quick hlppurlc 
acid test; various surgical states, 443 
Brace: See under Orthopedics 
Breast, carcinoma ; review of 439 cases, 190 
Brown, B. M. : Myoblastic sarcoma of urinary 
bladder, 502 

Burman, M. S. : Solitary xanthoma (lipoid 
granulomatosis) of bone, 1017 
Burns, J. C. : Spreading iieritonltis complicating 
acute perforative appendicitis; experimental 
studies, 751 

Bursa, subacromial bursitis ; clinical roentgeno- 
graplilc and statistical study, 019 
Butscli, W. L. : Effect of biliary operations on 
liver; tlieir relation to concentration of bile 
acids in bile, 009 

Calcaneum, fracture of os calcis, 350 
spurs on os calcis, 1041 
Calcium in Blood: See Blood, calcium 

osseous change.s in fetus produced by calcium 
and vlosterol, 351 

tolerance curves in cases of Pagct'.s dlsc-asc, 
351 


Calculi; See under Kidneys; etc. 

Callus : See under Fractures 
Cancer : See Sarcoma ; Tumors ; and under 
names of organs and regions, as Breast ; 
Intestines ; Prostate ; Stomach ; etc. 

Carpus : See Wrist 

Cartilage ; See also Joints ; Osteochondritis ; 
Ribs ; etc. 

behavior of joint cartilage in late rickets ; 
contribution to question of atrophy of car- 
tilage, 470 

Cerebrospinal Fluid, concentration of procaine 
in spinal fluid of human being after sub- 
arachnoid injection, 603 
cranial venous sinuses ; correlation between 
roentgenograms of occipital bone and 
Queckenstedt (Tobey-Ayer) test, 805 
Chao, W. H. : Thrombosis of left Internal carotid 
artery, 100 

Chondrodystrophia Fetalis : See Achondroplasia 
Chondro-Osteo-Dystrophy : See Bones, atrophy 
Clagett, 0. T. : Tuberculosis of stomach, 505 
Cohn, L. C. : Complete excision of cervical 
glands for regional metastases, 240 
Colies Fracture : See Radius, fractures 
Cooley, K. L. : New apparatus tor maintaining 
hot compresses at constant temperature, 123 
Cordasco, P. ; Evolution of treatment of frac- 
ture of neck of femur, 871 
Correction In article by Drs. Curry and Taylor, 
entitled, "Fracture of Both Bones of the 
Leg” (36: 858 [May] 1938), 352 
Cranium, cranial venous sinuses ; correlation 
between roentgenograms of occipital bone 
and Queckenstedt (Tobey-Ayer) test, 865 
Cystitis : See Bladder, inflammation 
Cysts: See under names of organs and regions, 
as Bones ; Kidneys ; Semilunar Cartilages ; 
etc. 

De Feo, H. : Pseudoulcers of duodenum of 
normal dog including study of Incidence of 
intestinal ulcers in normal dog, 259 
Deformities : See Abnormalities and Deformities : 
and under names of organs and regions, as 
Extremities, abnormalities ; Genitals : Kid- 
neys ; Radius ; Spine, abnormalities ; etc. 
Devenish, E. A. : Infections of hand ; 3 J'ears’ 
experience in clinic for study of whitlow, 
726 

Dressings, new apparatus for maintaining hot 
compresses at constant temperature, 123 
Duodenum, experimental administration of duo- 
denal contents to dogs with acute higli 
intestinal obstruction, 311 
Intussusception : See Intussusception 
ruptures. 808 
Ulcer: See Peptic Ulcer 
Dysgerrainoma, ovarian, 697 

Elbow, fractures in children, 1049 
resection of elbow joint, 1043 
Elllston, W. A. : Sixty-seventh report of prog- 
ress In orthopedic surgery, 1033 
Slxty-sixtli report of progress In orthopedic 
surgery, 333 

Emphysema, cystitis emphysematosa, 853 
Endometrium, endometriosis of umbilicus : vica- 
rious menstruation following Iiysterei-Pmiy, 
642 

malignant endometriosis of ovary, rc.scmbiing 
arrhenoblastoma ; report of case in girl 
aged 19. 554 

Enuresis : See Urination, Incontinence 
Epididymis, tumor, 856 

Epiphyses, treatment of slipping of upper 
femoral epiphysis, 1052 
Epispadias, 857 



INDEX TO VOLUME 37 


Krcostcrol, Irradlnteil ; See Vlnsterol 
Kxtremlllcs, abiiorninlltlcs ; phoeomcliis and ab- 
sence of radius. dSH 

blood supply ; popliteal aneurysm as cause of 
peripheral circulatory disease. .TM 
blood supply; treatment of perlplieral vas- 
cular disease, .'11.1 

end results In cases of (Ibrosarcoma of. 973 
Immobilization and jiosture In treatment of 
Infections of, lO.'IS 


Fascia, dead (o.v) fascia crafts In tendon de- 
fects : experimental study, 570 
new suture for tendons and fascial repair, 347 
Femur: See also Hip .loint 
ambulatory method of treatinc fracture of 
femoral shaft, lOlS 

central fracture of neck of femur, 1018 
evolution of treatment of fracture of neck of 
femur, 871 

fracture of femoral diapbysis. 318 
fracture of neck of femur treated by oblique 
osteotomy, 1048 
most resistant fracture, 347 
round Ilcamcnt and vascularization of femoral 
head, 1053 

treatment of sllpplnc of upper femoral epiph- 
ysis, 1052 

valRus position for fractures of hip, 1047 
Fibrin stones ; report of 4 cases, 540 
Fibrosarcoma of extremities, end results In 
cases of, 973 

FIncers and Toes : Sec also Foot ; Hand 
opposition of thumb, 1044 
Foot : See also Calcaneum ; Fingers and Toes : 
etc. 

tuberculosis, treatment of. 1034 
Foramen, Intervertebral : See Spine, diseases 
Forearm, fracture disabilities of. 1031 
fractures of, 1049 

Fractures : See also Calcaneum ; Elbow ; Fore- 
arm; Ribs; Spine: and under names of 
bones, as Femur ; Metacarpus ; Radius ; etc. 
after-care of, 1053 
and vitamin C, 330 
Colles: See Radius, fractures 
functional disabilities after simple fracture, 
1033, 1054 

Influence of .sympathetic nervous system on 
healing of. 1034 
pathologic, 350 

Freiberg, J. A.: Si.xty-seventh report of prog- 
ress in orthopedic surgery, 1033 
Sixty-sixth report of progress in orthopecuc 
surgery, 333 ■ , , 

Freund, E. : Behavior of joint cartilage m late 
rickets ; contribution to question of atropnj 
of cartilage, 470 

Friedlander’s Bacillus: See Bacteria, mucosus 
capsulatus group 


Gastric Ulcer: See Peptic Ulcer 
•Gastrointestinal Tract: See Intestines; Stom- 

Gay, L. N. : Treatment of intractabl^e 

asthma by bilateral_ resection of posterior 
pulmonary plexus, 436 

Genitals, congenital anomalies of Beni . . 

dated with unilateral renal t 

reference to true unicornuatc uterus , rcpoii. 
d cases and review of Utera ure oSO 
Genitourinary Tract: See tn,ent 

Gibson, T. E. ; Problems in surgical tr . 

G1us?'j: A?! p'erilnaf Ivsts of vestigial origin. 
Gonorrhea: gonorrheal ■''/‘’.’[J;'®’.. ^operations on 

Hematic “^damage acWs*'ln Me. 

tion to concentration of bile aciu 

790 


Greene. B. E. : Pilonidal sinus ; scleros. 

method of treatment. 112 's 

Gutierrez, R. : Review of urologic surgery, 661 
835 


Hall, W. E. B. : Vaginal hernia with review of 
literature, 051 

Hamilton, .1. W., Jr.: Degeneration of infundib- 
ular nerve fillers in cat without appreci- 
nblc polydipsia, 760 

Ilanchett, M. : Right paraduodenal hernia ; case 
favoring theory of Treltz, 327 

Hand: See also Fingers and Toes 
Infections, surgical principles in treatment of, 
1038 


Infections; 3 years’ experience in clinic for 
study of whitlow, 726 

Hart, D. : Pathogenic bacteria in air of oper- 
ating rooms ; their widespread distribution 
and methods of control, 521 
Sterilization of air in operating room by bac- 
tericidal radiant energy; results in over 800 
operations, 950 

Hemangioma, cavernous, of vertebral column, 
345 


Hematoma, renal, OSS 

Hepler, A. B. : Review of urologic surgery, 067, 
835 

Hernia, posterior, of knee joint, 1041 

right paraduodenal hernia ; case favoring 
theory of Treitz, 327 
vaginal, with review of literature. 631 
Hill, F. C. : Experimental administration of 
duodenal contents to dogs with acute high 
intestinal obstruction, 311 
HInman, F. : Review of urologic surgery, 007, 
835 , . , 

Hinton, J. W. : Adherent posterior duodenal 
ulcer, 944 

Hip Joint: See also Femur; Ilium 

new operative treatment for congenital dislo- 
cation of hip, 1042 
osteochondritis of, 346 

Hirsch, E.* F, : Arterial occlusion with aseptic 
necrosis of bone, 926 , , , , kco 

Jlyoblastic sarcoma of urinary bladder, oG2 
Hydrarthrosis, multiple, in chronic rheumatism, 
1030 

Hydronephrosis, 084 

Hyndmau, 0. R. : Tic doiiloureii.x; partial sec- 
tion of root of fifth cranial nerve; com- 
parison of subtemporal and cerebellar ap- 
proaches from surgical and physiologic 
standpoints, 74 

Hypertension: See Blood pressure high 
Hypoparathyroidism; See under laratlorold 
H}-pothalamus. degeneration of infundibular 
nerve fibers in cat without appreciable 
polydipsia, 700 , 

Hvsterectomy : See Uterus, excision 


tUeld. F. W. : Slxtj'-seventli report of progress 
in orthopedic surgery, 1033 
Sixty-si.xth report of progress in ortliopedle 
surgery, 333 

Ilium, acute osteomyelitis ot. a.is 
Infantile Paralysis : See Poliomyelitis 
Infection : Sec Septicemia ; and under names o 
bacteria, as Streptococci , etc. 
Infundibulum: See Hypollialamus 
Injuries : See Accidents : Fractures ; and under 
^ names of organs and regions, as Knee. 
Spine ; Tibia ; Wrist : etc. 

Instruments: See also -'l’f’/'”V'n.,rtial section 
tic douloureux; instrument for p.irliai siciion 
of root of fifth cranial nerve: comparison 
of subtemporal and cerebellar nfT”-W'“- 
from surgical and pliyslologic standpoint.. 
74 
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Intervertebral Disks : See Spine 
Intestines : See also Duodenum 
atypical carcinoma of large intestine, 094 
experimental administration of duodenal con- 
tents to dogs with acute high Intestinal 
obstruction, 311 

experimental pyloric and jejunal obstructions ; 
absorption of sodium chloride from stomach 
and upper part of small intestine, 295 
mechanical obstruction complicating pelvic 
inflammatory disease, 498 
obstruction, treatment of, 735 
Ulcers : See Peptic Ulcer 
Intussusception, duodenogastrlc ; its clinical ap- 
plication and results, 139 

Jejunum: See Intestines 

Jensen, D. : Maggot therapy for hematogenous 
osteomyelitis of tibia, 811 
Joannides, M. : Stereomlcroseoplc study of sur- 
face of lung; anatomic and physiologic 
structure of normal lung; resumd of obser- 
vations based largely on stereomlcroscopic 
study of surface of lungs fixed and in living 
state, 7 

Stereomicroscoplc study of surface of lung; 
description of methods used, 1 
Joints : See also under names of Individual 

joints, as Elbow; Hip Joint; etc. 
behavior of joint cartilage In late rickets : 
contribution to question of atrophy of car- 
tilage, 470 

pyemic articular metastases, 1037 
Joplin, R. J. : Sixty-seventh report of progress 
in orthopedic surgerj’, 1033 
Si.xty-slxth report of progress In orthopedic 
surgery, 333 

Koller, A. D. ; Degeneration of Infundibular 
nerve fibers in cat without appreciable 
polydipsia, 700 

Kidneys; See also Urinary Tract 
calculi, problems in surgical treatment of, 
211 

congenital anomalies of genitalia associated 
with unilateral renal agenesis wltli refer- 
ence to true unlc'ornuate uterus ; report of 
cases and review of literature, 580 
Diseases : See also Hydronephrosis ; Pyelitis 
diseases and hypertension, 082 
fibrin stones ; report of 4 cases, 540 
function, 089 
hematoma, OSS 
perinephric cysts, OSS 
phjsiology, 089 
rupture, GS7 
suppuration, 071 
tuberculosis, 07S 
tumors, 007 
tumors in adults, 070 

Klein, S. n. : Origin of carcinoma in clironic 
gastric ulcer, 155 

Kleinberg, S. : Cysts of external semilunar car- 
tilage; report of 3 cases, S27 
Kllppel-Fcil Syndrome: See Spine, abnormal- 
ities 

Knee: Sec also Semilunar Cartilages 
articular osteochondroma, 1040 
Injury of knee joint, 344 
posterior hernia of knee joint, 1011 
Koster, II. : Concentration of procaine in cere- 
brospinal fluid of human being after sub- 
arachnoid injection, 003 

Kuhns. J. G. : Sixty-seventh report of progress 
in orthopedic surgery, 1033 
Sixty-sixth report of progress In ortliopcdic 
surgery, 333 

Kuth. J. R. : Subacute Infections of bone; 
osteoperiostitis albumlnosa Ollier, 40 


Kwan, S. T. : Thrombosis of left internal caro- 
tid artery, 100 

Kyphosis : See Spine, curvature 

Lederer, M. : Atypical carcinoma of largo in- 
testine, 994 

Leikensohn, A. : Concentration of procaine in 
cerebrospinal fluid of human being after 
subarachnoid Injection, 003 
Leukocytes, exhaustion following surgical pro- 
cedures, 302 

Levine, M. H. : Mechanical intestinal obstruc- 
tion complicating pelvic inflammatory dis- 
ease, 498 

von Lichtenberg, A. : Review of urologic sur- 
gery, 007, 835 

Ligaments : See also Round ligament 
lesions of interyertebral disks and ligamentum 
flavum, 1030 
Triangular : See Wrist 
Lipogranulomatosls : See Xanthoma 
Lithiasis : See Kidneys, calculi ; etc. 

Liver: See also Biliary Tract 
effect of biliary operations on liver; their re- 
lation to concentration of bile acids in bile, 
009 

hepatic damage in biliary disease ; Its relation 
to concentration of bile acids in bile, 790 
studies of hepatic function by Quick hlp- 
puric acid test ; biliary and hepatic disease, 
401 

studies of hepatic function by Quick hlppurlc 
acid test; thyroid disease, 427 
studies of hepatic function by Quick hippuric 
acid test; various surgical states, 443 
Livingston, W. K. : Fantom limb pain ; report 
of 10 cases in which it was treated by in- 
jections of procaine hydrochloride near 
thoracic sympathetic ganglions, 353 
Loucks, H. H. : Thrombosis of left internal 
carotid artery, 100 

Love, J. G. : Sacrococcygeal teratoma In adult; 
report of case, 949 

Lungs, motion of lung after surgically induced 
paralj'sis of phrenic nerve, 288 
stereomlcroscopic study of surface of lung; 
anatomic and physiologic structure of nor- 
mal lung ; rOsume of observations based 
largely on stereomicroscoplc study of sur- 
face of lungs fixed and in living state, 7 
stereomlcroscopic study of surface of lung; 
description of methods used, 1 
Lurje, A. : Duodenal ruptures, 808 
Lyman, R. S. : Thrombosis of left Internal 
carotid artery, 100 

Lymph Nodes, complete excision of cervical 
glands for regional metastases, 240 

McFetridge, E. M. : Studies of hepatic func- 
tion by Quick hippuric acid test; biliary 
and hepatic disease, 401 
Studies of hepatic function by Quick hippuric 
acid test; thyroid disease, 427 
Studies of hepatic function by Quick Iilppurlc 
acid test; various surgical states, 443 
McGowan, J. M. : Effect of biliary operations 
on liver; their relation to concentration oi 
bile acids In bile, 009 

Hepatic damage in biliary disease ; its rela- 
tion to concentration of bile acids in bue, 
790 

MacNeal. W. J. : Senim therapy for Infections 
%\itli streptococci; general obscn’atlons, * - 
Maddock, S. : Jlaggot therapy for liematogenoi 
osteomyelitis of tibia, 811 
Maggot Therapy: Sec under Ostcomyeluis 
Mammao' Gland: Sec Breast 
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Posture and immobilization in treatment of 
Infections of extremities, 1038 
postural defects related to arthritis, 340 
teachins of body mechanics in pediatric prac- 
tice, 340 

Pott’s Disease : See Spine, tuberculosis 
Potter, B. P. : Bilateral collapse therapy in 
treatment of pulmonary tuberculosis, 132 
Priestley, J. T. : Review of urologic surgery, 
667, 835 

Procaine : See also under Anesthesia 
concentration in spinal fluid of human being 
after subarachnoid injection, 603 
Prostate, carcinoma, 838 
changes after operation, 848 
hypertrophy, 836 
Inflammation ; prostatitis, 845 
physiology, 835 
prostatic Injection, 848 
Prostatitis : See Prostate, inflammation 
Pyelitis, 686 

Pylorus, experimental pyloric and jejunal ob- 
structions : absorption of sodium chloride 
from stomach and upper part of small In- 
testine, 295 

Queckenstedt Test : See Cerebrospinal Fluid 

Rabinovitch, J. : Atypical carcinoma of large 
intestine, 994 
Rachitis : See Rickets 

Radlcotomy: See Nerves, roots 
Radius, absence of, and phocomelus, 333 
fractures ; discus artlcularls in Colles’ frac- 
ture, 348 

Ragsdale, J. W. : Fibrin stones ; report of 4 
cases, 546 

Ray, B. S. ; Lingual tliyrold, 316 
Rheumatism : See also Arthritis 
multiple hydrarthroses in chronic rheumatism, 
1036 

Bibs, fractures of scapula and ribs, 1052 
Rickets, behavior of joint cartilage in late rick- 
ets ; contribution to question of atrophy of 
cartilage, 470 

Rlenhoff, W, F., Jr. : Treatment of intractable 
bronchial asthma by bilateral resection of 
posterior pulmonary plexus, 456 
Roberts, S. SI. : Sixty-seventh report of progress 
in orthopedic surgery, 1033 
Sl.xty-sixth report of progress in orthopedic 
surgery, 333 

Roentgen Rays, diffraction studies on human 
bone, 1055 

Therapy : See under names of organs, regions 
and diseases 

Roentgenology In urology, 861 

Round ligament and vascularization of femoral 
head, 1055 

Rubert, S. R. : Subacromial bursitis: clinical. 

roentgenographlc and statistical study, 019 
Runiold, Si. J. : E.vpcrimcntal pyloric and jejunal 
obstructions : absorption of sodium chloride 
from stomach and upper part of small In- 
testine, 295 

Sacrococcygeal Region, teratoma in adults ; re- 
port of case, 949 

Sarcoma : See also Fibrosarcoma ; O.steosarco- 
ma ; etc. 

benign osseous lesions showing invasion of 
hone hy spindle cells. 1039 
myoblastlc. of urinary bladder, 562 


Scapula, fractures of scapula and ribs, 1052 
Scholl, A. J. : Review of urologic surgery, 667, 
835 

Scoliosis : See Spine, curvature 
Seeds, A. E. : Cranial venous sinuses ; correla- 
tion between roentgenograms of occipital 
bone and Queckenstedt (Tobey-Ayer) test, 
865 

Seegar, G. E. : Ovarian dysgerminoma, 697 
Semilunar Cartilages, cysts of external semi- 
lunar cartilage ; report of 3 cases, 827 
replacement of, 352 

Septicemia, pyemic articular metastases, 1037 
Shapiro, A. ; Concentration of procaine • in 
cerebrospinal fluid of human being after 
subarachnoid Injection, 603 
Shelley, H. J. : Chronic appendicitis ; is It 
clinictil entity? 17 

Shepherd, W. F. : Carcinoma of breast ; review 
of 439 c,ases, 190 

Sheplar, A. E. : Serum therapy for infections 
with streptococci; general observations, 772 
Shoulder: See also Scapula 
congenital dislocation of, 334 
subacromial bursitis ; clinical, roentgenograph- 
lc and statistical study, 619 
Shumacker, H. B., Jr. : Congenital anomalies of 
genitalia associated with unilateral renal 
agenesis with reference to true unicornuate 
uterus ; report of cases and review of litera- 
ture, 586 

SInberg, S. E. : Solitary xanthoma (lipoid gran- 
ulomatosis) of bone, 1017 
Sinus, Pilonidal : See Pilonidal sinus 
Skull : See Cranium 

Sodium chloride, experimental pyloric and jeju- 
nal obstructions ; absorption of sodium chlo- 
ride from stomach and upper part of small 
Intestine, 295 

Speed, K. : Spondylolisthesis ; treatment by an- 
terior bone graft, 175 

Spence, M. J. : Serum therapy for infections 
with streptococci ; general observations, 772 
Spermatic Cord, spermatocele, 857 
Spinal Cord, tre.itment of atlietosis by section 
of extrapyr.amldal tract, 1045 
Spinal Fluid : See Cerebrospinal Fluid 
Spine : See also Atlas and Axis 

abnormalities ; Klippel-Feil syndrome, 333 
atypical cliondrodystrophy, 1034 
cavernous hemangioma of vertebral column, 
345 

chondrodystrophy with flattening of vertebrae, 
1033 

curvature ; active braces for scoliosis, 1037 
curvature; alternating scoliosis of proved 
source, 341 

curvature ; infantile kyphosis, 1034 
curvature ; scoliosis treated by wedging jacket, 
343 

curvature; spinal epidural cyst witli resulting 
kyphosis, 342 

diagnosis, course and end results of tubercu- 
lous spondylitis, 335 
Isolated fractures of vertebral arch. lOfi 
lesions of intenertebral disks and llgamenturo 
fiavum, 1036 
major Injury to. 341 

roentgen diagnosis of osteomyelitis of verte 
brae, 1038 

spondylolfsfhests : treatment hy anterior bnne 
graft, 175 
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Spine — Contlmieti 

tuberculosis, operntlvo nnd conservative treat- 
ment, 335 

Spondylitis : See Spine 
Spondylolisthesis : See Spine 
Sport ; See Athletics 

Stapliylococci, acute hcniatogenous osleoiuyclltls, 
337 

Sterilization, new surgical mask; bactcrlologlc 
air flltcr, 1008 

of air In operating room by bactericidal ra- 
diant energy ; results in over 800 operations, 
950 

pathogenic bacteria in air of operating rooms ; 
their widespread distribution and methods 
of control, 521 

Sternoclavicular joint, anatomy of sternoclavicu- 
lar joint, 1056 

Stirling, R. : Sixty-sixth report of progress In 
orthopedic surgerj’, 333 
Stomach : Sec also Pylorus 
carcinoma, origin in chronic gastric nicer, 155 
experimental pyloric and jejunal obstructions ; 
absorption of sodium chloride from stomach 
and upper part of small intestine, 295 
tuberculosis of, 505 
Ulcers : See Peptic Ulcer 
Stout, A. P. : Perianal cysts of vestigial origin, 
268 

Streptococci, acute hematogenous osteomyelitis, 
337 

serum therapy for infections wltli streptococci ; 
general observations. 772 
Suprarenals : See Adrenals 
Surgery, leukocyte exhaustion following surgical 
procedures, 302 

new surgical mask ; bactcrlologlc air flltcr, 
1008 

pathogenic bacteria in air of operating rooms ; 
their widespread distribution and methods 
of control, 521 

plastic: technic of Ivory Implant for correction 
of saddle nose, 800 

sterilization of air In operating room by 
bactericidal radiant energy ; results in over 
800 operations, 950 

studies of hepatic function by Quick hlppurlc 
acid test; various surgical states, 443 
Sympathectomy, Influence of sympatlietlc ner- 
vous system on healing of fractures, 1054 
Syphilis : See under names of organs and re- 
gions 

Tendons, dead (ox) fascia grafts In tendon de- 
fects; experimental study, 570 
new suture tor tendons and fascial repair, 347 
suprasplnatus, rupture of, 344 
tenosynovitis of long head of biceps brachll 
muscle, 1040 

Tenosynovitis ; See under Tendons 

Teratoma, sacrococcygeal. In adult; report of 
case, 949 

Testicles: See also Epididymis 
tumors, 854 

Thirst, degeneration of infundibular nerve fibers 
in cat wltliout appreciable polydljisla, 700 
Thompson,^ G. 3 . ■ Review of urologlc surgery. 

Thrombosis, arterial occlusion with aseptic ne- 
crosis of bone, 920 

of left Internal carotid artery, 100 


Thumb: Sec Fingers nnd Toes 
Thyroid, lingual, 316 

sensitization nnd dcsensltlzatlon of rabbits to 
hctcropiastlc transplants of thyroid tissue, 
981 

studies of hepatic function by Quick hippuric 
acid test; thyroid disease, 427 
Tibia, Injury to upper tlblnl epiphysis in sport, 
349 

maggot tlierapy for hematogenous osteomyeli- 
tis of, 811 

primary adamantinoma tff, 1039 
Tic: Sec Neuralgia, trigeminal 
Tobey-Aycr Test : See Cerebrospinal Fluid 
Tongue, lingual tliyrold, 316 
Transplantation : See also under Bones ; Ten- 
dons; Ureters 

sensitization nnd dcsensltlzatlon of rabbits to 
heteroplastic transplants of thyroid tissue, 
981 

Tuberculosis : See also Bones ; Kidneys ; Spine ; 
Stomach ; etc. 

end results of tuberculous cystitis; report of 
cases, 821 

pulmonarj-, bilateral collapse therapy in treat- 
ment of, 132 

treatment of tuberculosis of foot, 1034 

Tumors: Sco Adamantinoma; Arrlienoblastoma ; 
Dysgcrmlnoraa ; Hemangioma ; Sarcoma , 
Teratoma ; and under names of organs nnd 
regions as Adrenals; Bladder; Bones; Kid- 
neys; Ovary; Testicles; Ureters; etc. 

Tuthlll, C. R. : Malignant endometriosis of 
ovary, resembling arrlienoblastoma ; report 
of case in girl aged 19, 554 

Ulcors, Peptic ; See Peptic Ulcer 
Ultraviolet Rays, sterilization of air in oper- 
ating room by bactericidal radiant energy; 
results In over 800 operations, 056 
Umbilicus, endometriosis of ; vicarious menstru- 
ation following liysterectomy, 042 
Uremia, 863 

Ureters; Sec also Urinary Tract 

Injury, 691 

transplantation, 092 

tumors, 092 

Urinary Tract : See also Kidneys ; Ureters ; etc. 

urogenital Infections, 858 
Urination, Incontinence, 833 
Urologlc surgery, review of, 007, 835 
Urology, roentgenology in, 801 
Uterus, congenital anomalies of genllalla asso- 
ciated with unilateral renal agenesis with 
reference to true unlcornimtc uterus ; re- 
port of cases nnd review of lllcraturc, 580 

excision ; endometriosis of umbilicus ; vicari- 
ous menstruation following hysterectomy, 
642 

Vagina, hernia, with review of literature, 651 
Van Duyn, J., 2d: Reukocylc exlinusllon fol- 
lowing surgical procedures, 302 
Vas deferens. Infections of, 850 
Vertebra : See Spine 

Viosterol, osseous ciiange.s in fetus produeed by 
calcium nnd viosterol. 351 
Vitamins, C, nnd fractures. 350 



INDEX TO VOLUME 37 


ToUni, I. F. : Pseudoulcers of duodenum of 
normal dog Including study of Incidence of 
Intestinal ulcers In normal dog, 259 

Walters, W. : Tuberculosis of stomach, 505 

Wear, J. B. : End results of tuberculous cystitis ; 
report of cases, 821 

Weinberg, E. D. : Dead (ox) fascia grafts in 
tendon defects; experimental study, 570 

Whitlow : See Paronychia 

Widenhorn, H. L. : Pseudoulcers of duodenum 
of normal dog including study of incidence 
of intestinal ulcers in normal dog, 259 

Wildbolz, E. : Review of urologic surgery, 667, 
835 

Wilensky, A. 0. : Osteomyelitis of pelvic girdle,-- 
371 


Wilson, S. J. : Treatment of postoperative para- 
thyroid insulDciency with dissolved calcium 
lactate, 490 

Wolfe, lit. 31. : Technic of ivory implant for 
correction of saddle nose, 800 

Woodhall, B. : Cranial venous sinuses ; correla- 
tion between roentgenograms of occipital 
bone and Queckenstedt (Tobey-Ayer) test, 
865 

Wrist, injuries to triangular ligament (jf, 1051 
isolated fracture of triangular bone, 349 
method of treating ganglions, 346 
os centrale menus, accessory bone in hand, 
346 

Xanthoma, solitary (lipoid granulomatosis) of 
bone, 1017 

Zadek, I. ; Acute osteomyelitis of long bones of 
adults, 531 




